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Preface

In recent years, academic advancement and access to funds that stimulate scientific
research have been conditioned by the scientific production of individual scientists,
as well as the production of scientific centers, institutes and universities. This has
led to an increase in interest in the accelerated assessment and ranking of scientists
and scientific institutions. Scientometry is a sub-discipline of information sciences
that measures achievement in science, the most significant of which is the number
and value of publications of scientific research. While it is generally accepted that
the impact factor (IF) and the total number of citations of all articles published in a
scientific journal are the most relevant parameters of the importance of the journal,
the significance of the scientific contribution of individual researchers is much
more difficult to assess. This is because the value of their scientific production can-
not be directly expressed in the importance of the journals in which their articles
are published. At the same time, the ranking of scientific institutions, such as
universities, institutes and other scientific centers, is done separately from ranking
scientists and various additional criteria.

This book covers the following topics: data quality and ranking system, biblio-
metrics and its applications, scientific collaboration and citation analysis, and the
future of scientometry. It provides the reader with a detailed insight into relevant
scientometric methods and criteria, their individual strengths and weaknesses

in the process of ranking scientists, scientific centers and institutions, as well as
their application to the process of planning scientific projects and isolated medical
specialties.

We want to express our sincere gratitude and appreciation to all the co-authors who
have contributed their work to this book.
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Chapter1
Data Quality Management

Sadia Vancauwwenbergh

Abstract

Data quality is crucial in measuring and analyzing science, technology and
innovation adequately, which allows for the proper monitoring of research effi-
ciency, productivity and even strategic decision making. In this chapter, the concept
of data quality will be defined in terms of the different dimensions that together
determine the quality of data. Next, methods will be discussed to measure these
dimensions using objective and subjective methods. Specific attention will be paid
to the management of data quality through the discussion of critical success fac-
tors in operational, managerial and governance processes including training that
affect data quality. The chapter will be concluded with a section on data quality
improvement, which examines data quality issues and provides roadmaps in order
to improve and follow-up on data quality, in order to obtain data that can be used as
areliable source for quantitative and qualitative measurements of research.

Keywords: data quality, data quality measurement, data quality management,
data quality improvement

1. Introduction

Over the past decades, research organizations, administrations and researchers
have been collecting data that describe both the input as well as the output side of
research. This has resulted in an enormous pile of data on publications, projects, pat-
ents, ... researchers and their organizations that are collected within database systems
or current research information systems (CRIS). Such data systems are created accord-
ing to specific goals and use purposes of individual organizations, which reflects their
specific nature and the surrounding context in which they operate. However, over time
these data systems, institutions as well as the research ecosystem at large have evolved,
thereby potentially threatening the quality of the collected data and the resulting
data analyses, particularly if no formal data quality management policy is being
implemented. This chapter introduces the readers into the concept of data quality and
provides methods to assess and improve data quality, in order to obtain data that can be
used as a reliable source for quantitative and qualitative measurements of research.

2. Definition of data quality

In general, data can be considered of high quality if the data is fit to serve a
purpose in a given context, for example, in operations, decision making and/or
planning [1]. Although this definition of data quality seems to be straightforward,
many other definitions exist that differ in terms of the qualitative or quantitative
approach towards defining the concept of data quality.

3 IntechOpen
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2.1 Qualitative approach

In the qualitative approach, specific attention is drawn to defining data quality
in terms of the different aspects, also termed dimensions. In 1996, Wang and Strong
developed a data quality framework based on a two-stage survey on data quality
aspects important to data consumers, and captured these dimensions in a hierarchi-
cal manner [2]. This model clusters 20 different data quality dimensions into four
major categories: that is, intrinsic, contextual, representational and access data
quality. Although the basis of this model still stands, some minor changes have been
made over the years resulting in the model depicted in Table 1 [3].

In brief, the intrinsic category comprises dimensions that define the accuracy of
the data, that is, the extent to which data is certified, error-free, and reliable, as well
as the objectivity of the data based on facts and impartial, and their reputation based
on its sources or content. The contextual data quality category comprises dimensions
that must be considered within the context of a specific objective for which one holds
the data, that is, the data should be relevant, up to date, of an appropriate amount,
yet complete, and ready for use for the stated objective. The representational category
contains dimensions that reflect how the data are presented within a data system.
Dimensions concerning the format of the data, that is, concise and consistent
representation, as well as their compatibility, their interpretability and whether they
are easy to understand, are considered. The last category is focused on the accessibil-
ity category that also defines aspects of data quality. Although this category is not
always considered in the literature [4], this is an important aspect of overall data
quality. The related dimensions include the accessibility of the data in terms of their
availability or easily retrievable character, the security measures taken to restrict data
appropriately and the traceability of the data to its source.

Category DQ dimension

Intrinsic Accuracy
Objectivity
Reputation

Contextual Completeness

Appropriate amount

Value added

Relevance

Timeliness

Actionable

Representational Interpretable

Easily understandable

Consistent

Concisely represented

Alignment

Access Accessibility

Security

Traceability

Table 1.
Data quality dimensions.
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These dimensions can also be grouped into an internal and external group of
dimensions. The internal group contains the dimensions that can be measured purely
in terms of the data, and are generally more objective. Examples of these include the
accuracy of the data, which can be examined by calculating a score on the magnitude
of errors in the data or the data correctness, which can be measured through the
number of errors in the data. On the other hand, the external group of dimensions
evaluates how the data are related to their environment, and hence are somewhat
more subjective in nature. Examples include the relevancy of data with regardsto a
stated objective, or their ease of understanding by the consumers of the data.

2.2 Quantitative approach

In the quantitative approach, data quality has been defined by J. M. Juran as the
fitness of the data to serve a purpose in a given context, that is, in operations, deci-
sion making and/or planning as perceived by its users [1]. This concept is denoted
as ‘fitness for use’ and is based on Juran’s five principles: that is, who uses the data,
how are the data used, is there a danger for human safety, what are the economic
resources of the producers and users of the data and what are the characteristics
taken into account by users when determining the fitness for use. This definition
is widely accepted in both academic and industrial settings. However, in practice
the fitness for use is a rather subjective measure as this highly depends on the users’
judgement over the degree of conformity of the data to their intended use.

For example, consider the score of a student on an exam. If scores are rounded
to integers, this can potentially influence the final grade that a student receives.
Therefore, the rounding procedure might be accurate enough for the professors, but
by rounding numbers, the students might miss out on obtaining a final grade and
thus might be not accurate enough from the perspective of the student.

On the other hand, it might well be that not all uses of the data are known,
neither its potential future use purposes. Therefore, DQ might be hard to evaluate
using this definition.

Some definitions of data quality use the notion of zero defects, which aims to
reduce defects by motivating people to prevent making mistakes by developing a
constant, conscious desire to do the job right from the first time [5]. This zero-defect
concept has been incorporated by P. Crosby in its Absolutes of Quality Management
[6]. According to Crosby’s Absolutes, data quality should conform to its requirements
and prevention should be used as a manner to guarantee zero defects, which sets the
performance standard. Consequently, data quality can be measured as the price of
nonconformance. Although this zero-defect concept is not widely used in the data
quality literature, it does emphasize again the necessity to measure data quality.

3. Measuring data quality

Based on the definitions of data quality, several DQ measurement methods have
been developed, that can generally be divided into objective and subjective meth-
ods. While objective methods tend to evaluate data quality rather from the perspec-
tive of the data producer based on hard criteria, subjective methods rather take the
user’s perspectives and beliefs into account.

3.1 Objective DQ measurement methods

Measurements of data quality are generally intended to assess the dimensions
of data quality as defined in the previous section. As a first step, a framework must
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be set up with the indicators that one wants to assess. Next, a proper reference for
verification of the data within the data systems must be determined.

Ideally, the data are compared using real world data, which allows for validation
and, if required immediate corrective actions. This method is termed data audit-
ing and is the only way of measuring the quality level of dimensions like accuracy,
completeness. Furthermore, by going through the data itself, one can discover
data quality issues that were unexpected and therefore are of great value for taking
corrective measures to improve data quality. However, data auditing comes at a high
cost as it is very time consuming and the need of experts in the respective field is
required. Furthermore, data auditing can be also very labor-intensive and requires
that data controllers have access to the actual data.

For example, consider the metadata of publications that are contained in pub-
lication databases. If a data controller validates the content of the metadata fields
with the metadata as indicated on the publications, inaccuracies can be detected.
These can contain expected flaws like spelling errors but can also provide valuable
information on unexpected errors that also might be highly relevant in the context
of bibliometric analyses.

If the conditions for data auditing are not met, data controllers can use rule-
based checking in order to determine data quality. This method heavily relies on
business rules that are drafted based upon the domain knowledge and experience
that the data controllers have with regards to the data. Consequently, these rules
can only check for flaws that were anticipated by the data controllers. However,
rule-based checking also offers important advantages, especially as they can be
automated after conversion to validation rules, which allows for the identifica-
tion of the errors (or possibly correct outliers!) via data mining techniques.
Nevertheless, the presumed errors still need to be corrected, which remains
labor-intensive.

3.2 Subjective DQ measurement methods

Some dimensions, however, cannot be measured objectively because of their
intrinsic properties. For example, the dimension relevancy pertains to the extent to
which data is applicable and helpful for the stated objective. Obviously, this dimen-
sion can only be evaluated using the perception of the users. Although this results
in a subjective scoring, user evaluations are the only way to measure dimensions
that describe external data quality attributes. Internal data quality dimensions on
the contrary are preferably measured using objective DQ measurement methods as
described above.

Regardless of which methodology is chosen to measure data quality, it is always
important to provide information about the measurement method and parameters
in addition to the dimension under evaluation, in order that the measurement
results can be interpreted correctly by everyone. Furthermore, although a lot of
attention always goes to correcting errors, it is important to stress that eliminating
the root cause should always be the ultimate goal [7].

4. Data quality management
4.1 Data quality frameworks
As data are extremely valuable resources in today’s society, a plethora of data

quality management frameworks have been published in the last decades that all
strive to preserve the quality of data and to make it accessible for future use.
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The most popular models are listed below, however more DQM frameworks can be
found throughout the literature that show slight differences.

* DAMA DMBOK’s Data governance model [8]
* EWSolutions’ EIM Maturity Model [9]
* Oracle’s Data Quality Management Process [10]

All frameworks are basically centered around three basic elements, that is,
the metadata associated with the data, the processes involved in the registration,
organization and (re)use of the data, and the organizational context in relation to
the data (Figure 1). The quality of each individual element, as well as the interplay
in between them, ultimately determines the quality and thus the true value of an
organization’s data heritage. Ideally, an organization uses metadata standards that
are understandable throughout the organization and aligned with the organiza-
tion’s processes, business strategies and goals. Rather than describing all popular
frameworks, we will describe critical success factors that are useful for developing
effective DQ management strategies, and that can be found in all DQ frameworks.

4.2 Critical success factors

Critical success factors, also termed CSFs, have been defined by Milosevic and
Patanakul as ‘characteristics, conditions, or variables that can have a significant impact
on the success of i.e., a company or a project when properly sustained, maintained, or
managed’ [11]. In 2014, Baskarada described 11 CSFs in the field of information
quality management that provide valuable means for developing effective DQ
management strategies [12]. These CSFs can be clustered into four major groups,
that is, training, governance, management and operational processes, that have
inter-dependencies with each other.

4.2.1 Operational processes

The first group of critical success factors deals with the operational processes
involved in the collection, storage, analysis and security of the data, which are all
highly interdependent. As data is a valuable good, its quality should be managed
throughout its entire lifecycle. In practice this comes down to taking measures that
maximize, whenever possible, the automated capture of data in real-time, directly
from its original source. This minimizes the risk of errors introduced by manual
data entry, which can result in typo’s, inaccuracies, missing values, erroneous data

Metadata

Z\%

Data Processes Organization

- J/

Figure 1.
The cornerstone of data quality frameworks.
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due to misinterpretations, multiple copies of the same data entry. Such errors have
been identified in almost all existing research and innovation databases, but have

a significant impact on the resulting scientometric analyses. Suppose a highly cited
paper is included in the Web of Science with typo’s in the author’s name. This can
erroneously lead to the omission of this paper in the bibliometric analyses per-
formed on this author, which on its turn can have a major impact on this researcher
career perspectives in terms of chances of success in obtaining grants, promotion.

In addition, these errors can be due to a lack of the use of common standards
for the concepts contained within the databases and a uniform interpretation
thereof by both information providers as well consumers throughout the entire
organization. Nevertheless, such standards are available, that is, the Common
European Research Information Format (CERIF) is a well-known standard for
exchanging research information created by the EuroCRIS organization and is
widely used throughout Europe [13], the CASRAI dictionary is a standard created
by the organization on Consortia Advancing Standards in Research Administration
Information (CASRAI) and was created in Canada [14]. Although both communi-
ties work closely together to align the concepts and meanings described in the
standards, some differences remain which might cause difficulties in exchanging
information in between CRIS systems. Furthermore, the inclusion of a standard in
the information model of a data system does not safeguard that all data providers
use the standard similarly, nor that the data users grasp the information as intended.
Next to using standards for aligning the concepts and meanings of research-related
data, the formats of the data fields should be standardized as well. A well-known
example here includes the various formats in which a (publication) date is recorded.
By means of standardizing this format in a data system, important gains can be
obtained in terms of ease of interpretation of the data, leading to more accurate
analyses. However as described above, efforts should also be made to clarify what
the concept of (publication) date means. For instance, it could point to the creation
date, submission date, the published online date, the publication date for in print
papers, the date on which the material was made available.

Furthermore, when storing research-related data, it is highly recommended to
provide traceability to the raw data, which ensures that the data quality can always
be controlled. Most bibliometric databases, including the Web of Science and
Scopus, comply to this rule by providing a link to the journal article. Research data
repositories mostly refer to the creator of the datasets involved. However, over time,
researchers can switch positions and thus institutions and as the data are stored
in institutional repositories, it would be more meaningful to refer to the research
institution in question. In addition, versioning should be included when storing
research data, as this can be very helpful to understand and potentially (re)use data.
Although this is frequently observed in research data repositories, bibliometric and
patent databases usually do not show version control. Finally, back-up and data
recovery processes should be ensured when storing research-related data, which is
mostly realized via back-up servers at various physical places.

The access to research information should be managed using an information
security management plan in order to safeguard the intellectual property rights
of the researchers that created the information, including their respective institu-
tions. Although large data repositories on bibliometric, innovation and research
data control accessibility rights, researchers themselves do not always closely follow
the measures taken to control access. Particularly when it comes down to research
data that may contain sensitive data [15], strict follow-up of information security
measures is needed as emphasized by the EU Regulation 2016/679, also known as
the General Data Protection Regulation (GDPR) that protects natural persons with
regards to the processing of personal data and on the free movement of such data.
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Although the GDPR regulation only applies to personal data iz se, it nicely under-
pins some elements present in information security management plans.

These information security management plans indeed not only entail the acces-
sibility rights of individuals, including user authentication and a regular update of
their access rights, but also include the secure storage, archival, transmission, and
if required, destruction of the information. In case of research data on natural per-
sons, this can be achieved via pseudonymization, for example, through encryption,
or via anonymization of the research information residing in data systems or on
data carriers. Obviously, when transmitting research information, the proper legal
agreements should be put in place, for example, non-disclosure agreements with
third parties are well-known examples used to secure research information. Finally,
information security management plans should also contain audit trails in order to
constantly monitor and adjust the security of research-related information.

4.2.2 Management processes

A second group of CSFs encompasses the managerial processes that are imposed
on these operational processes, and which are primarily aimed at the alignment of
the data quality with the organization’s goals with regards to the data and the result-
ing data analyses. Consider for example, the information requirement of a univer-
sity that wants to monitor the research funds obtained via researchers. In order to
answer this question, the concepts of research funds and researchers should be clear
and uniform between information providers and users. Although this might seem
straightforward, it could well be that the interpretation of ‘researcher’ is different in
between stakeholders, that is, while some might include PhD students, other might
omit this group. Furthermore, it could well be that the university does not have a
specific label for clustering funds as belonging to the ‘research’ category, or that the
information is only partially provided by the researchers. These examples clearly
illustrate that the lack of management of operational DQ processes, has a devastat-
ing effect on the data analyses and the conclusions based thereon.

Managerial processes of data quality essentially focus on four sequential pro-
cesses, that is, the determination of the information quality requirements, the
assessment of the risks associated with DQ issues, the assessment or monitoring of
DQ and the continuous improvement of the related DQ processes [16]. First, the
information quality requirements should be determined of the collected data,
considering all stakeholders. Next, a conceptual information model should be
drafted using high-level data constructs, generally described in non-technical terms
in order to be understandable by executives and managers. This model should then
be translated into a logical data model that uses entities, attributes and relationships
that are customized towards the organization’s use of the data, in terms of the orga-
nization’s terminology, semantics as well as the prevailing business rules. Finally,
the logical model should be transferred to developers that can derive a physical data
model in line with this logical model including validation rules, based upon the
business rules, that are useful for automating data quality control. Obviously, the
constructed models must consider the importance of the data within the organiza-
tion. For example, certain data will be more important than others, and poor DQ
of those data might have a larger negative impact in terms of loss of reputation,
financial loss of the organization. The explicit management of these DQ risks is a
must as a manner to guarantee data quality. As stated by Baskarada ‘using gut feeling
will result in inefficiency and an ineffective use of resources’ [16].

Next, a framework of key performance DQ indicators needs to be set up in line
with the organization’s goals, in order to assess the DQ performance. This assess-
ment must be performed on a regular basis in order to allow for the continuous
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improvement of data quality in terms of analyzing the root cause of the errors as
well as cleansing erroneous data.

The application of such DQ managerial processes has already been implemented
to some extent in CRIS systems that contain research information. For example,
the Flanders Research Information Space, also termed FRIS, is a research informa-
tion portal sustained by the Department of Economy, Science and Innovation in
Flanders, Belgium that collects research information from a wide range of Flemish
stakeholders in the research field, that is, research universities, higher education
colleges, strategic research centers and research institutions (www.researchportal.
be) [17]. Underlying the FRIS architecture, a conceptual metamodel was developed
in order to model all concepts, attributes and relationships that are contained within
FRIS. This conceptual model is based on the CERIF standard, but customized to
the Flemish context. In addition, in line with the use purposes of this CRIS system,
business rules were drafted to safeguard the quality of the contained information.
These business rules were translated to validation rules that are used for the auto-
mated quality control of the research information received. If non-compliances to
these rules are detected, the research information is rejected, and the information
providers receive a notification thereby allowing for immediate data cleansing.
Furthermore, the Flemish government also performs manual quality checks ona
regular basis in order to validate the research information contained as validation
rules in general are not well suited for detecting unpredicted errors. Such errors
generally provide valuable input for root cause analyses that can identify important
underlying problems which can be caused by human, process, organizational or
technological factors.

4.2.3 Governance process

A third group of CSFs encompasses the governance processes associated with
DQ management. These processes can be largely summarized as the commitment
of an organization’s top management to set DQ management as a priority and to
stimulate a culture change throughout the entire organization in this respect. In the
field of information governance, Gartner Research defined information governance
as ‘the specification of decision rights and an accountability framework to encourage
desirable behavior in the valuation, creation, stovage, use, archival and deletion of
information’ [18]. In practice, information governance basically comes down to
allocating budget and resources to the process of DQ management by defining roles
and responsibilities, making agreements on related concepts, terms and associated
DQ processes, including the monitoring, control and improvement thereof. The
FRIS-system as indicated above has included data governance in order to ensure
proper DQ management [17].

4.2.4 Training

Although an organization might have all operational, managerial and gover-
nance processes perfectly in place, a complete implementation of DQ management
also requires the investment in training throughout the organization. A first and
foremost important goal is to inform people on the importance of qualitative data
to the organization. Secondly, people should receive training via training programs,
course series, mentorships on the rules as set out in the operational, managerial
and governance processes in order to ensure a systematic implementation of DQ
throughout the entire organization. Finally, a continuous follow-up is also needed
which allows for swift adjustments in case of unpredicted errors, adjustment of
business rules, etc.

10
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5. Data quality improvement

In order to safeguard the continuous monitoring of data quality and the adop-
tion of measures to improve data quality, a DQ improvement workflow needs to
be established. This workflow essentially comprises a repetitive workflow of five
consecutive phases, that is, the definition, measurement, analyze, improvement
and control phase as depicted in Figure 2. A best practice is to formalize this
data quality improvement process, in terms of properly documenting all related
processes and activities in each phase, as this allows for the tracking of progress
throughout the entire DQ improvement workflow.

5.1 Definition of the DQ project

The DQ improvement workflow starts with defining the scope of the DQ
improvement project. This includes the selection of a dataset relevant to a specific
business goal, and the determination of the data attributes required. When collect-
ing this information, it is very important to discuss the meaning of the metadata
required with all stakeholders in order to be able to identify any discrepancies in
interpretation of the required data attributes versus the meaning of the existing
metadata, as this prevents erroneous data collection, analysis and interpretation.
All obtained information should be documented using domain modeling techniques
that include information on the data and the associated operations on the data [19].
Examples of such techniques include Business Process Model Notation (BPMN)
diagrams [20], data flow diagrams of which the resulting information should be
contained in data governance tools together with the accompanying semantics. In
addition, data quality dimensions important to the specific use purposes of the data
should be determined, and if possible, these are preferably defined in a measurable
manner which facilitates further steps in the DQ improvement process.

For example, consider the use of bibliometric data as part of a researcher’ evalu-
ation in the context of career-wise promotions. In order to provide an adequate,
qualitative data-analysis, a clear framework should be defined by an organization’s
management comprising what should be evaluated, that is, which publications
(books, journals.), validation criteria (peer reviewed, group author.) are to be
used as well as the accompanying processes. This information should be discussed
with all stakeholders, that is, researchers, librarians, data analysts and IT-staff in
order to harmonize the data flow, the accompanying semantics, procedures and
models in accordance with the management’s goals. Next, the As Is situation should
be evaluated with regards to these intentions and according to the relevant data
dimensions. In bibliometric analyses, accuracy, completeness, timeliness, relevance,

/ m| N\
=

! y
Figure 2.

Data quality improvement workflow.
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accessibility, traceability of the data are all relevant dimensions, of which the
accurate and complete collection and analysis of a researcher’s published works are
the foremost ones.

5.2 Measurement DQ

In order to determine the quality level of the current data in relation to the
organization’s objectives, the quality dimensions need to be expressed in a measur-
able manner. While the internal dimensions can be scored in a quantitative manner
by means of expressing the errors in the data set in terms of magnitude, number
of errors or missing records, the external dimensions are measured in a qualitative
manner based on the context of the data’s use purposes. Independent of the dimen-
sion under analysis, measurements must always be relevant for the purpose for
which the data will be used and according to the task’s requirements. Although in
most cases, common sense will be used to identify task requirements, in other cases
specific techniques like sensitivity analysis might be used which allows for identify-
ing critical factors and errors in data models [21, 22]. Furthermore, data profiling
is another technique frequently used in DQ assessment as a method to discover the
true content, structure and quality of data by means of rule-based checking [23].
Obviously, this technique does not find all inaccurate data, as it can only identify
violations to the predefined rules, and hence expected errors. For instance, data
profiling can identify invalid data values (i.e., using column property analysis),
invalid data combinations (i.e., through structure analysis), inaccurate data (i.e.,
through value rule analysis). Importantly, data profiling also provides metrics on
the data inaccuracies in a dataset, that is, the number of violations, the frequency
of invalid data values, etc. Such metrics can be useful as a means to communicate to
stakeholders on the (in)accuracy of a data set, and the follow-up of the progression
in subsequent DQ improvement programs.

In our bibliometric example, the accuracy and completeness of the bibliometric
records for a given author, collected in a university’s database system should be
compared to a publication list provided by the author. By manually auditing the
registered data found within the database system, one could indeed record the com-
pleteness of information. Furthermore, the accuracy can be tested using a manual
auditing procedure. This allows for the identification of spelling errors, erroneous
exchange of an author’s last versus first name, etc. In addition, manual auditing
also allows for identification of rather unexpected data entries, like changes in the
author’s first or last name over time. The latter example of a DQ inaccuracy, can
however not be detected through data profiling as rule-based checking is unable to
test for unexpected errors. Nevertheless, data profiling has an important role in DQ
measurement as it allows for automated and thus efficient screening of DQ.

5.3 Analyzing DQ issues

Once DQ inaccuracies have been detected, these should be analyzed in order to
screen for the potential existence of (groups of ) common underlying root causes.
For example, author names can have various problems like misspelling, last names
mistaken for first names, etc. The grouping of such errors that show similar pat-
terns, also called error cluster analysis, allows for the identification of common
causes and is often more efficient in terms of time and resources as compared to
handling all inaccuracies in a stand-alone way. In addition, a data event analysis can
be performed which evaluates the time points when data are created and updated in
order to facilitate the identification of the root causes of problems. For example, the
manual entry of author names in a database system might result in misspelling, the
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lack of automated verification in the recording process, the lack of domain specific
knowledge of the persons responsible for recording the data, ... might affect the
occurrence of DQ inaccuracies.

Commonly used techniques to identify root causes include the auditing of the
data, the surveying of the user perceptions and the evaluation of the data process.
The identified causes can then be depicted in cause and effect diagrams, also termed
Ishikawa or fishbone diagrams [24]. These diagrams cluster causes together in
groups which is instrumental in identifying, classifying and prioritizing the impact
of root causes to a problem. In our example root cause analysis could result in the
identification of the field ‘author name), as a string datatype, that is, completed
according to the data provider’s interpretation and accuracy. Because the datatype is
set as a string, multiple inaccuracies can occur during the registration process.

5.4 DQ improvement trajectories

In the next phase, the focus resides on finding solutions to eliminate the root
cause of the problem. These solutions, also termed remedies, are in fact changes
to data systems or processes in order to prevent data inaccuracies from happen-
ing including the swift detection upon their occurrence. While some solutions
might be oriented towards improving the data registration, others might focus
on the implementation of validation rules or periodic data profiling. In addition,
re-engineering of associated data processes and even training of the data provider
and user community on data quality aspects, should be considered. Data cleansing
might be applied as well, however this mostly is not a solution to eliminate the root
cause itself.

Although solutions might be found using common sense, in most cases more
efforts are needed. A frequently used method encompasses the organization
of topic-oriented brainstorm sessions in the presence of all stakeholders. This
approach has the benefit to tackle the problem from multiple viewpoints and at the
same time enables a higher engagement of the stakeholders. Importantly, all rel-
evant solutions to the problem should be listed and effects of the proposed solutions
should be investigated carefully. In general, continuous, short-term improvements
are to be preferred as these might result in quick wins which can result in additional
business benefits (as DQ improvement is mostly not a goal in itself).

In our example many solutions can be found that focus on improving the correct
registration of the author name. However, if an author ID would be registered and
coupled to an author name, the specific focus on registering the name perfectly
in a wide variety of bibliometric sources diminishes. Although this seems an easy
solution at first glance, this strategy also includes the re-engineering of business
processes, that is, the authentication of research publications by an author using
its author ID. In order to investigate the effect of this proposed solution, one could
investigate the number of publications that can be attributed to a group of authors
that has registered and authenticated their research publications versus a group of
authors that have no author ID (i.e., the control group) in an experimental setting.
By measuring the DQ of both groups in terms of accuracy and completeness, one
can see the effect of the proposed solution.

5.5DQ control and follow-up
Based on all DQ solutions tested, the most appropriate solution(s) should be
selected for implementation. It is important to note here that the success of imple-

mentation is dependent on the guidance foreseen to all stakeholders. In essence,
this comes down to providing information on the solution and its effectuation on
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all (related) business processes to everybody involved. In addition, business rules,
definitions, roles and responsibilities must be defined in consultation with all
stakeholders.

Obviously, a close monitoring is needed in order to follow-up on the effective-
ness of the implemented DQ solution in the real-world setting as a means to validate
the (positive) impact of the proposed DQ solution. At the same time, it allows for
the detection of unexpected errors that were unanticipated in the experimental test
phase, and the swift adoption of corrective measure in case required. Specific moni-
toring tools that can be used here include control charts, also known as Shewhart
charts, cause and effect diagrams, check sheets, histograms, Pareto charts, scatter
diagrams, ... [25].

With regards to the author disambiguation example described, it will be
required to install business processes that allow for the coupling of a unique author
ID with corresponding research publications. This includes the close cooperation
of the authors, research administrators, data analysts and data system/IT-staff on
the definitions, business rules and responsibilities of each stakeholder. For instance,
it might well be that authors are obliged to enter a unique author ID in a database
system in fixed format, rather than a free text field. A business rule could be that for
each author, an author ID of a given type (i.e., ORCID, Researcher ID, Scopus ID,
Research Gate ID.) should be kept in a data system, which translates to a value of a
given format, that is, an integer, in terms of a derived validation rule. This author ID
field might be used to search large bibliometric databases such as Web of Science,
Scopus, ... for publications that might be coupled to this author ID, which could be
added to the bibliometric profile of a researcher. Furthermore, publications might
also be retrieved using an author name search that are not yet coupled to this author
ID. Therefore, an authentication step is required here in which the author has a
critical responsibility to validate these publications. Research administrators and
data analysts should be informed on the process of authentication in order to use
the information in a correct manner. Although this might seem a perfect solution,
the reality demonstrates that a continuous follow-up is required as practice demon-
strates that authors sometimes use several author IDs of the same type. Therefore,

a corrective action could be to adapt the business rules in order to allow for only
one author ID of a give type within the data system as well as the notification to the
author to take corrective measures in this respect and the follow-up thereof.

It is clear from the example described above, that data quality improvement is
a process that requires continuous monitoring due to internal and external factors
that might affect data quality and its related processes. Therefore, the systematic
and continuous retaking of the DQ improvement workflow will be the only manner
to constantly have qualitative data instrumental for high quality data analyses.

6. Conclusion

Research organizations worldwide are using data on research input and out-
put, that is, publications, patents, research data nowadays for a wide variety of
use purposes, such as evaluation, reporting and visualization of a researcher’ or
research organization’s expertise. This places high demands on the quality of the
data gathered for these purposes, which have—in most cases—largely outgrown
the initial intentions when the data systems were constructed. Moreover, the
research world has evolved in a global, dynamic manner in which research data are
increasingly being used in order to monitor the efficiency of research processes,
the research productivity and even strategic decision making. In order to safeguard
correct data analysis, research-related data must be assessed on all relevant quality
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dimensions, and inaccuracies must be addressed using data quality improvement
trajectories as discussed in this chapter. The integration of a data quality manage-
ment policy, is the only way to ensure the fitness for use of research-related data for
various applications and business processes across the research world as the impact
of inaccurate date can have tremendous effects on a researcher’s or research organi-
zation’s future prospects.
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Advantages and Disadvantages of
the Webometrics Ranking System

Suad Kunosié, Denis Ceke and Enver Zerem

Abstract

Today, there are several well-known global ranking lists for ranking universi-
ties in the world. While some of them ranked only a few hundreds of best and
most influential universities, there are those that include a much larger number of
ranking scientific institutions. One such global list which ranks the largest number
of scientific institutions and scientists in the world is called Webometrics list. This
list is very important for less developed economies and developing countries which
have not established a sufficient quality control system of higher education quality,
so this list serves as a corrective to the international evaluation of a wide range of
universities in the world. In such a complex IT system of ranking an extremely large
number of institutions and scientists, this system shows some disadvantages when
ranking, which of course can be overcome by introducing certain improvements
within the system of ranking. Systems that perform the collection, analysis, and
indexing data have their advantages and disadvantages, which can sometimes lead
to a misinterpretation of the data collected. Among other things, we will consider
the possible solutions which would improve the rating system and prevent pos-
sible manipulation and uncertainty in the presentation of current and final results
ranking.

Keywords: webometrics, university ranking systems, ranking scientists,
university science transparency, web crawler, web scraping, Internet bot

1. Introduction

According to the definition by Bjérneborn and Ingwersen [1, 2], webometrics
represents a joint (synergy) activity, i.e., application of other two approaches in one
element known as bibliometrics and informetrics, for researching of the web, its
information resources, structure, and technologies.

The name “webometrics” was defined in 1997, and it was created and established
by Tomas Almind and Peter Ingwersen with an intention to show that informetric
analysis can be applied to the web as an important source for measuring values
(weight/sense) of documents and information [3]. They suggested several specific
informetric parameters such as hyperlinks per website and sensitivity of links on
websites distributed via types of documents and names of domains. Bjérneborn
and Ingwersen [1] defined webometrics as “The study of the quantitative aspects
of the construction and use of information resources, structures and technologies
on the Web, drawing on bibliometrics and informetrics approach.” One devel-
oped a detailed topology of links, a diagram of nodes on the web, and additional
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terminology [4]. The area of activity and what webometrics includes may, in a
wider sense, be characterized as (a) website content analysis, (b) web technology
analysis, (c) web usage analysis, and web link structure analysis. Researches in this
field imply creation of new discoveries based on analyses of numbers and types of
hyperlinks, structure of the World Wide Web, and patterns of usage of the web asa
mass communication medium and exchange of information.

Another definition of webometrics was given by Mike Thelwall in 2004, “... the
study of web-based content with primarily quantitative methods for social science
research goals using techniques that are not specific to one field of study,” which
underlines development of applied methods for usage in a wider scope of social
sciences. The purpose of this alternative definition was not to replace the primary
definition within Information Science [5] but to support publishing of appropriate
methods out of the scope of the Information Science.

After these events, Ingwersen represented Web Impact Factor (WIF) [6] in
1998, which represented a key metrics to measure and analyze hyperlinks of
websites.

Basically, WIF measure may be defined as a number of sites of a certain web host
(website) or portals referred to by links from other websites or web hosts, divided
with the number of shared/published websites on that web host which are available
to the web/web robots.

Namely, it was logical to assume that areas of great interest would attract
more sequential links than average. The greatest advantage of WIF, in which
logic was inherited from significance of quoting within an impact factor of a
journal, was that it was easy to calculate with the application of advanced inqui-
ries of a browser represented by AltaVista, a leading commercial search engine
of that time.

However, usage of WIF measure was neglected after comprehensive analyses
and obtained results, due to mathematical artifacts obtained from mathematical
law, i.e., due to power law distributions of these variables. Other similar indicators
which applied a size of an institution instead of a number of websites showed as
much more useful for the purpose of analyses.

Subsequently, analyses of links were more directed toward analyses of influ-
ence of links and analyses of net connectedness of links, taking into consideration
quantity of links as a reflection of productivity of researching within academic and
scientific space.

Webometrics gradually evolved and became a great coherent field within
the Information Science, at least from bibliometric perspective [7, 8], including
analyses of links, web quotations, and a range of other web-based quantitative
techniques.

Hyperlinks on websites are structured similarly like quotations in academic
(scientific) journals since they guide from a source document to the final docu-
ment. Similarity of links and quotations, together with the fact that universities
were among the first ones which massively started applying advantages of the
web, resulted in the appearance of numerous important naturally imposed
research objectives. Such sequence of events imposed the question whether it was
possible to use hyperlinks in a similar way as academic quotations or quotes in
journals and articles, the question of validity of usage of a number of links and
data obtained by AltaVista browser in the research and the best way to count links
[9]. Simultaneously with these analyses of links, other researchers from the field
of Information Science researched reliability and coverage of an area of browsing
by browsers and change in contents of the web itself or individual collections of
websites [10]. These three types of researches related to measuring the web are all
together called webometrics.
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Among other things, webometrics has become a useful methodology in many
other fields, such as creation of ranking of universities in the world based on
webometrics [11, 12], for scientometric evaluations or researches in some scientific

fields [13].

2. Webometrics methodology

Webometrics methodology includes analyses of links, analyses of web quota-
tions, evaluations of results of browsing via web browsers, as well as some basic
descriptive studies and analyses of the web [15].

The web is of great importance as a communication medium, i.e., a platform
for placing and archiving a wide spectrum of documents. A significant number of
repositories of various kinds of documents are related to the academic society, and
therefore application of this methodology in general ranking of a current situation
in the academic field is more significant. Because of this huge and easily accessible
source of information, unlimited possibilities for measuring or counting contents of
the web turned up in a wide range (e.g., a number of web hosts or a number of web-
sites) or in a narrower range (e.g., a number of web locations in a state, a number of
web pages on a website of a university).

Although the terms “Internet” and “web” are usually treated as synonyms, they
are not the same. Namely, the “Internet” represents a global network of computers
which can share information, while the term “web” specifically refers to a group of
interrelated documents available for review and downloading using HTTP [14].

For an analysis of the system of ranking of universities, Webometrics Ranking,
the most important parts of webometrics methodology would be link analysis and
web browser analysis, i.e., a survey of ways in which relevant information that are
used in the ranking process of universities according to the Webometrics ranking
methodology may be obtained.

2.1 Link analysis

Link analysis is a quantitative study of hyperlinks among websites [15]. Similar
to a mechanism of counting of quoted works in journals and articles, the impor-
tance of websites can be evaluated with links and their analysis. As previously
mentioned, the importance or influence of a website on the Internet is defined as
Web Impact Factor [5], which, obviously, is similar to the concept of an impact
factor of ajournal (Journal Impact Factor, JIF).

The idea behind the link analysis is that one can practically assume that a number of
links pointing to (guiding toward another location) the academic space of a web content
can be proportional to productivity of a research of an organization at the level of a
university [9], departments [16], research groups [17], or individual researches [18].

Calculation of WIF [19] can be obtained as a logic amount of a number of links,
i.e., external or incoming links (inlinks) toward a website divided by a number of
sites of a certain web host in a certain moment of time. Further information regard-
ing the calculation of WIF is to be looked for in the work [6, 19].

2.2 Webometrics tools for collection of data from the Internet
Web tools such as search engines, web crawlers, and webometrics software
which are used for collecting data from the web are called Webometrics tools [5].

The area of research in the field of webometrics can, in a wider sense, be divided
into the following segments:
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* Analysis of contents of websites

* Analysis of web technologies

* Analysis of application of web contents
* Analysis of structure of web links

To analyze data for the needs of webometrics, it is very important to know the
source of information for each of the mentioned categories of webometrics. The
main role of web browsers is to grasp relevant information on the basis of specific
inquiries from various (heterogenous) sources of information.

Basically, there are two categories of sources of information which can be used in
the research of webometrics:

» Commercial web search engines
* Personal web crawlers

Web search engines are computer programs which, on the basis of special
algorithms, find appropriate information on the web, index them, and place them
into databases appropriated for those purposes.

From the point of view of the webometrics research, web search engines can
fundamentally be divided into two categories:

* Web search engines which support searches related to the field of webometrics

* Web search engines of a general type which do not have any additional capacity
to direct searches toward terms related to the field of webometrics

Web search engines, such as Google, Yahoo, and Bing, enable users to access a vast
quantity of information related to contents and structure of links on the web free of
charge. Web browsers collect information in a similar manner as web crawlers which
are used by users to collect linked data. Basically, web browsers contain three different
parts, crawler, indexer, and interface, in which one enters inquiries with terms to be
browsed [10]. Led by this fact, authors Aquillo et al. [11] applied advanced options of
web browsers to collect data from the web for the needs of ranking of universities.

Web crawlers are programs with the main objective to collect data from precisely
defined web locations. They function in the following way: they start collecting
data from a certain web location, and then they apply links contained by that web
location so that a web crawler could move automatically and independently to a
next processed web location, from one site to another until there are several links to
be monitored and analyzed.

Regardless of the existence of some additional tools for analysis of links such as
LinkDiscoverer [20], SocSciBot [21], and Webometric Analyst/LexiURL Searcher [22],
Thelwall and Sud [23] underlined that researchers still depended on application
programming interface (API) of commercial browsers for collection of raw data for
their webometric studies. These API functions enable automatic data collection
and enable programmers to encrypt programs with which one can access results
of browsing. Yahoo canceled its free-of-charge support for usage of API functions
for the purpose of browsing, Google has limited access to its API from 2011, and
Bing also has limited a free-of-charge access to API 2.0 from 2012. This essentially
canceled or significantly limited possibilities to collect important information for
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extensive researches within the field of webometrics. Although web browsers have
a very important role in data collection, none of them is able to collect data from
the whole web. The web is a dynamic environment, and there are fluctuations in the
results obtained by browsing.

Generally speaking, one can say that web crawlers are an essentially better tool
than web browsers if one talks about researches about the webometrics.

2.2.1 Data collection with commercial search engines

The most popular web search engines, which are very popular besides their applica-
tion in the webometrics, are Google, Yahoo, and Bing. Each of the web search engines
uses its own algorithms for browsing and different techniques for indexing and brows-
ing of the web. Actually, it means that if a user wants to enter an inquiry into a search
engine in a form of, for example, “webometrics methodology,” there is a huge probabil-
ity that he/she would obtain different results from different search engines for the same
browsed term. These algorithms applied by the web search engines are business secrets
of corporations standing behind their implementation. Besides the abovementioned
search engines, there are other search engines, but these three are the most popular due
to the quality of obtained results and speed of browsing. In application of some of web
engines, there are some keywords for browsing that may be entered so that obtained
results could be filtered and oriented toward a searched term. For example, if one enters
the term “site:untz.ba” in Google search engine, the inquiry will provide us all data
related to that domain, its auxiliary subdomains, and all sites indexed by the browser.

Furthermore, if one enters a string in the form of “site:untz.ba <space>
filetype:pdf,” the browser would provide us all sites and subdomains containing
documents of Adobe Portable Document Format (Adobe PDF) type and a direct link
to the same. These examples are specifically applicable to Google search engine.

Web search engines of the Internet are very important in researching of the field
of webometrics because their databases are a source of information that cover a
great part of data of the web. Although commercial search engines are very impor-
tant for surfing the Internet and data collection, they have some significant limita-
tions, among which the following stand out:

* Web search engines do not index the whole web space [24, 10, 19].

* Systems for ranking of results of browsing eliminate similar or identical sites in
results of browsing with an objective to eliminate useless information [25, 26].

* Algorithms that search engines use for surfing the web and generation of
reports are corporative business secrets, and, therefore, an exact criterium for
collection, sorting, and ranking information by importance is not known [19].

* A total result obtained in a search by a web search engine is assessed by time
necessary for a search rather than by thoroughness and going into details into
accurateness of data since they apply an algorithm which performs prioritiza-
tion [4].

* Results may be conditioned by a national or a language area [27].

* Results may fluctuate and change from time to time.

Regardless of their limitations, commercial web search engines are one of the
unique and best sources of information which are currently available but only for

23



Scientometrics Recent Advances

certain types of webometrics researches. At the same time, they are not properly
designed for the purpose necessary for the academic community, and results usually
are not thorough enough, which would be a great need of this field [28].

If an interface of a web browser is directly used for browsing, data collec-
tion may be a very demanding process in regard to time. This problem may be
overcome with an application of a special software based on application program
interface developed by companies which create web search engines and other
services on the web.

2.2.2 Web crawlers as a source of data

Another important source of data is personal web crawlers. Among the most
popular free-of-charge tools of this type, which are used to analyze links, are
SocSciBot [21] and LexiURL [29]. Both of these crawlers are developed by Professor
Mike Thelwall from the University of Wolverhampton, UK, in order to find
alternative strategies and methods to analyze links. The essence of functioning of
these tools is that they search for and download certain websites from the web and
analyze them with an integrated analytical software, such as Pajek [30], Ucinet [31],
NetDraw [32], etc., for the purpose of data analysis and creation of a graph of a
network representing a scheme of data linking.

2.2.3 Challenges within the webometrics vesearch field

Webometrics functions on a principle of an analysis of academic and non-
academic articles. Academic documents include publications such as e-journals,
e-books, patents, technical reports, etc. Nonacademic documents include
websites—commercial ones, sites of social networks, etc.—published by individu-
als, blogs, and portals where there is not any (i.e., which process of publishing
of contents does not comply with) peer-reviewed system. The greatest challenges
within the webometrics research field are in finding relevant sources of data and in
the development and implementation of techniques for their efficient collection.
Among the four research fields within webometrics, link analysis has been in the
focus more and more since most of the commercial web search engines canceled
their support related to browsing the web contents which include link analysis. For
these reasons, there is still a great need for alternative sources of data.

2.3 Alternative sources of data

In the first decade of the twenty-first century, most of the web search engines
supported the webometrics research filed with application of special keywords for
search engines such as “site:domain,” “linkdomain,” “linkfromdomain,” etc. Starting
from 2012 there has been a great change which has reflected the field of usage of
sources of data for webometrics researches as a matter of policy which was started
by owners of the web search engines. As a result of the mentioned, most of the web
search engines canceled their support to the webometrics. Researchers from the
field of webometrics tended to find alternative sources of data to go on with their
researches. A survey of some of the existing systems by which data may be collected
for the needs of webometrics analysis is given hereafter.

Alexa Internet [33] was established in 1996. As a search engine optimization (SEO) tool,
Alexa collects data on the basis of behavior of users on the web, while they visit some
sites using their analytic tool. The data are analyzed in a manner to give information for
a global ranking or ranking within a country. One also analyzes data related to web com-
munication and a total number of sites which refer to a certain web domain, etc.
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Alexa Toolbar Service [34] is a smaller software application which collects and
stores information about websites, web domains, and other sites which this tool uses
to collect data regarding analyses of users.

In 2005 Who.is [35] become a web portal for searching for and collection of data
about web domains of any organization or institution. Who.is offered a unique
tool to obtain information about IP addresses, locations of domains, DNS names of
servers, information related to availability of domains, and information related to
various organizations or universities which belonged or belong to those institutions.

Webconfs.com [36] represents one of the additional tools which may be used as a
source of data for webometrics researches.

Magestic SEO tool [37] represents one of the best tools related to analyses of back-
link, incoming link, inbound link, inlink, and inward link. Backlink for an assessed
web resource is a link which shows a hyperlink from some other web location to
the observed web location. A web resource may be a web host, a website, or a web
directory. Backlinks are one of the indicators of popularity of a website, and they
represent a very significant source of information. A rank or value of a site within a
web domain increases depending on the quality of backlinks.

Searchmetrics [38] is a professional SEO tool which enables a survey of all data
related to visibility and social visibility of websites. Visibility of a site is analyzed
through PageRank [39], which is a tool for analysis of metatags. Afterward one
analyzes a server and a domain where a certain content is located (domain’ age,
domain’s popularity, reverse IP addresses), if there are tools for analyses of links
(popularity of alink, counter of backlinks, value of links, exit links). Visibility of
social data is related to links related to social networks such as Facebook, Twitter,
LinkedIn, and Google+.

Ahrefs.com [40] is a famous set of tools (Site Explorer [41], Content Explorer
[42], Keywords Explorer [43], Rank Tracker [44], Site Audit [45]) for analyzing
backlinks to the websites, and it is a very important tool for SEO analyses.

3. University ranking systems

These days, the Internet has become the main source of scientific information,
both for the academic community and for the society. The whole society has been
turning to the Internet as a primary medium for presentation of information to
the public. On that ground, the fact that web publications are a primary tool for
communication within the educational system and that they reflect the complete
picture of quality and performances of universities has become very important
[51]. Bearing in mind the development of digital world, the influence of electronic
publications is significantly greater than the influence of written media or printed
versions of journals and books today. Websites are the cheapest and the most
efficient way to stimulate all of the three academic missions: to educate, to research,
and to transfer knowledge [51]. This fact is one of the main reasons why web data
have been extensively used for evaluation, inter alia, of universities and research
institutions in the last couple of years.

Ranking is a process in which one defines positions of elements in a group in regard
to a total system so that for any two elements in a sequence, the first one is ranked “as
higher than,” “as lower than,” or “as equal to” the second item of a sequence [46].

Ranking process appears in many fields whether they are academic or of other
type. In a case of academic space, ranking may be applied in different parts of
academic space, starting from ranking of professors and ranking of researchers and
research centers to ranking of universities. Ranking of universities is an especially
interesting field of application of ranking.
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Currently, one implements a process of comparing and evaluating universities
in the domain of academic and research performances with the existing system of
ranking of universities. Most of the academic institutions rely on data obtained
from the ranking system of universities which serve them as indicators of a progress
of an institution over time in regard to other academic institutions [47]. Besides
this, information from these ranking lists often serve as a basis for applying for
and obtaining financial assets from founders or other institutions on the basis of a
position on these lists [48]. On the other hand, potential beneficiaries of services of
a university use these lists to evaluate academic institutions to decide which one to
attend and to evaluate which one provides better options for education and further
employment.

The study [47] identified 24 ranking systems. Thirteen ranking systems
were analyzed into details since their lists were active during the last couple of
years, i.e., from 2015 to 2016. Other ranking systems were excluded from further
analysis because they did not publish information and did not include indicators
of their performances or published their ranking methodologies. The study evalu-
ated between 500 and 5000 institutions. The oldest ranking system, Carnegie
Classification, was established in 1973. All other ranking systems were first pub-
lished between 2003 and 2015. The study mentioned that three ranking systems
were led by universities, two were led by agencies, five by consultancy or indepen-
dent groups, and one was led by an institution established by a government.

In the analysis from the study [47], 4 systems for ranking out of 13 for evalu-
ation claimed that they used their results to evaluate quality or performances
of researches. Nine of thirteen systems use a total number of publications as an
indicator for evaluation of quality or performances of researches—this is usually
defined as a number of peer-reviewed articles from bases of Thomson Reuters’ Web
of Science Core Collections or SCOPUS which is maintained by Elsevier. On aver-
age, 33.8% ranking results are ascribed to publications and quotations or to various
versions of these metrics [47].

Ranking systems that strongly rely on metrics related to publications and
quotations are Leiden Ranking, Shanghai, SCImago, URAP, US News and World
Report, and EU U-Multirank systems. The fact that SCImago ranking system takes
the presence on the web into consideration by Google metrics [49], which is 20% of
the total result of ranking, is very interesting. Similarly, Webometrics ranking list
includes all universities of the world which are present on the web in the ranking
system. The objective of this list is to encourage universities and their personnel
to increase visibility of universities through creating more websites of university
organizations and institutions. A survey of percentual participation and application
of individual indicators applied by various systems is given in the work into details
[47]. According to [47] current indicators are not adequate for an accurate assess-
ment of results of researches, and they need to be amended and expanded to satisfy
a standardized criterium.

3.1 Webometrics Ranking of World Universities

Several research teams have been working on the development of web indicators
since the mid-1990s. Realizing possibilities of this kind of ranking, the European
Commission started several projects for this purpose: EICSTES (www.eicstes.org—
currently inactive), WISER (wwwwiserweb.org—currently inactive), and www.
webindicators.org (currently inactive).

After noting capabilities and importance of web search engines as the main
agent to access information being processed and being processed by the web [53],
one created new indicators [54, 11] which should have been milestones to solve
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problems arising from instability of results of browsing via web search engines [55]
and artifacts arising from calculation of Web Impact Factors [6] [51].

The first catalogs of universities were created with projects EICSTES and
WEISER, and the first preliminary list of these universities based on web indicators
was published in 2004. This application of cybermetrics or webometrics techniques
did not significantly differ from similar scientometric proposals where bibliometric
data were the basis of information used in analyses [56, 51].

Most of the bibliometric indicators, such as a number of publications or quota-
tions, are easily available. However, the problem with such access is that in this way
only a limited number of information about activities, researchers, and observed
institutions are available since only formal publications are taken into consid-
eration. Actually, scientometric tasks should contain more elements, and more
variables should be added [51].

However, including additional elements in an analysis, particularly when they
are not easily available, may complicate the analysis and sometimes may be inappli-
cable when it comes to a global work plan. Among other things, there is an attitude
that publications are not the only indicator of evaluation of professors. There are,
inter alia, materials for lectures, raw data, slides from lectures, software, and biblio-
graphic or linked lists (bookmarks), which are also deemed as relevant information
about a professor’s dedication to students [51].

Besides these data, a structure and a content of all kinds of administrative infor-
mation provided by an institution also have their value. All these elements speak for
themselves when published publicly in the virtual world, the web world, and are
very good indicators of an academic level of an educational institution. The fact that
if someone is not on the web she/he does not exist supports the previous statement.
Web space provides a comprehensive way to describe a wide range of activities of an
institution where scientific publications represent only one of components which
may be found on websites.

Today, highly ranked researchers, institutions, and universities publish millions
of pages with various materials composed of hundreds of departments and services,
hundreds of research teams, and thousands of students on their websites.

Until now one has talked about webometrics methodology and systems for rank-
ing of universities generally. However, the topic of this chapter is oriented toward a
specific system of ranking of universities which applies webometrics methodology
for the world’s ranking of universities. This chapter will elaborate on Webometrics
Ranking of World Universities, which was developed by and is under the compe-
tence of Cybermetrics Lab (Spanish National Research Council, CSIC) [50], who
developed indicators called web ranking (WR) for the ranking process and who
initially considered the following elements in the ranking process [51]: a number
of published websites (S); a number of files contained, including PDF, ps, doc, and
PPT form of documents (R); a number of articles collected via Google Scholar (GS)
database system (Sc); and a total number of external links (V).

Webometrics Ranking of World Universities is the largest list for academic
ranking of higher education institutions. From 2004, Cybermetrics Lab has imple-
mented an independent, objective, free, open scientific exercise for provision of
reliable, multidimensional, updated, and useful information about performances of
universities from all over the world on the basis of their presence and impact on the
web every 6 months.

Cybermetrics Lab has been developing quantitative studies on the Academic
Web Network since the mid-1990s. The first indicator was introduced during
the EASST/4S conference in Bielefeld (1996), and collection of web data from
European universities started in 1999 with a support of EICSTES project financed
by the European Union.

27



Scientometrics Recent Advances

These efforts are a continuation of scientometric research Cybermetrics Lab
which started in 1994 and which was presented on a conference of the International
Society for Scientometrics and Informetrics (ISSI, 1995-2011) and International
Conferences on Scientific and Technology Indicators (STI-ENID, 1996-2012) and
published in journals with a great impact effect (Journal of Informetrics, Journal of
American Society for Information Science and Technology, Scientometrics, Journal of
Information Science, Processing Information and Management, Research Assessment,
and others). In 1997 one started issuing journal Cybermetrics dedicated to published
works about webometrics.

After publishing of ranking of the University of Jiao Tong in Shanghai,
Academic Ranking of World Universities (ARWU) [52] in 2003, team Cybermetrics
Lab decided to approve the main innovations proposed by Liu and his team. It was
suggested that ranking should be done on a basis of publicly available web data,
combining variables in a composite directory and with a real global coverage. The
first edition was published in 2004, and it has been issued two times a year since
2006. After 2008 the portal has included webometrics ranking for research centers,
hospitals, repositories, and business schools.

3.1.1 Composite indicator

Probably one of the most important contributions of Shanghai ranking was
introduction of the composite indicator, which combines a system of weighing
factors with a set of indicators. Traditional bibliometric indexes are made on ratios
such as Garfield’s journal impact factor which is based on variables which follow the
power law and are useless for description of huge and complicated scenarios.

Ingwersen’s proposal from 1998 [6] for a similarly designed Web Impact Factor
which uses ratio links/websites (L/ W) was equally useless due to mathematical
artifacts which it generates.

Following the Shanghai model up, Cybermetrics Lab developed an indicator
which transforms relation L/W into the following formula aL + bW, where L and
W should be normalized in advance and 2 and b are weights which add 100%.
Cybermetrics Lab strongly discouraged the usage of WIF due to its serious disad-
vantages. The composite indicator may be designed with different groups of vari-
ables and weights according to the needs of programmers and models. Webometrics
applies “a priori” scientific model for the creation of a composite indicator. Other
ranking lists chose arbitrary weights for very dependable variables and even com-
bine raw values with ratios. None of them follows up a logic relation among variables
related to activities and influential variables, i.e., each group represents 50% out of
the total measure of weight.

Values should be normalized before any combination of variables, but the
practice of application of percentage is mainly inaccurate due to power law distribu-
tion of data.

Webometrics log normalizes variables before combining in the ratio of 1:1
between activity/presence and visibility/influence of a group of indicators.

3.1.2 Collection of data for webometrics ranking

Collection of a great quantity of data from the Internet, where one has to go
through thousands of sites, may be done only automatically. One of the possibilities
is to use commercial or free-of-charge crawlers, but adjustment of such systems
for adjusted needs may be a complicated and difficult task, and it requires a sig-
nificant participation of human and computer resources [57]. On the other hand,
web search engines already have well-designed and tested systems for this need,
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and they do regular updates of their databases and have many tools which enable
automatization of work so that machines may be easily adjusted to extract required
data. Furthermore, web search engines are the main agents in navigation process on
the web, and therefore the presence of a web domain in their databases represents
an indicator of visibility on the Internet. Commercial web search engines also have
limitations, which often include inconsistent and rounded-off results of browsing,
favoritism in geographic and language coverage of results of browsing, or frequent
and nontransparent changes in their work procedures. Due to the mentioned
problems, one uses several web search engines together in practice, when collecting
data. The most popular search engines such as Google (and Google Scholar), Yahoo
Search, Bing, Exalead, and Alexa [11] are used for these purposes.

3.1.3 The webometrics ranking weighing model

Webometrics ranking system [58] performs an evaluation and ranking of
universities of the world two times a year (January/February and June/July) by its
own developed methodology. Webometrics ranking methodology includes several
phases and applies several systems so that data necessary for ranking and analyses
may be updated and collected in time.

According to [51], there are three key aspects that need to be measured in the
academic web space:

* Size, i.e., quantity of published information

* Visibility, number of certain cases of appearance on other web hosts which refer
to the analyzed web host (quotations of websites-hosts = number of external
incoming links) obtained by a domain

* Popularity, which represents a number of visits to a website

Bibliometrics has traditionally ignored frequency of appearance of a journal
on various locations or sources of data and has focused on an impact of a journal,
i.e., relation between a number of quotations and a number of published articles
in the journal. A similar approach was proposed in the case of Webometrics
ranking.

Webometrics ranking performs monitoring of a certain group of parameters
(criteria) (Table 1), but only size and visibility of a web host are included in the

Criteria Indicator Sources Weight
Size Number of pages (S) Google, Yahoo, Live, 25%
Exalead
Number of rich files (PDF, PPT, DOC, and Google 12.5%
PS) (R)
Number of papers (Sc) Google Scholar 12.5%
Visibility Number of external links (V) Yahoo, Exalead, Live 50%
Luminosity Number of external outlinks
Subdomains Number of subdomains
Popularity Number of visits
Table 1.

Criteria and weights used in the calculation of the WR indicator [51].
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final data which are used for ranking. A model for ranking defines that a relation
between these two parameters (size and visibility) is taken in the ratio 1:1. In order
to take diversity of academic activities and services into consideration, component
“size” is divided into three parts so that one could measure raw data about a quan-
tity of websites, a number of rich files, and a number of articles and publications
collected by Google Scholar system.

According to the work [51], criteria and weights used for calculation of WR
indicators in those times were obtained from several sources only, which mainly
were web search engines. Some of those search engines are not used to obtain data
any more, but there are some new search engines together with some of the old
ones which improved their algorithms for indexing and browsing of results from
the web.

Pursuant to the proposed model, ranking (web ranking) is calculated with the
following equation (Eq. (1)):

WR =2 x Rank(S) + 1 x Rank(R) + 1 x Rank(Sc) + 4 x Rank (V) 1)

The ratio which combines weights ascribed to each of the elements is
(2 + 1 +1):4 or 1:1, which was the initial intention. In order to avoid problems
related to size, search engine bias, and other factors, results collected in this way,
which initially were expressed as absolute values of numbers, are log-normalized
and transformed into ordinal numbers and then combined with the previously
mentioned equation for WR [59].

Over the years of application of the system, Cybermetrics Lab has made adjust-
ments of indicators of calculation according to the analyses of data available during
the years preceding the analyses. The data shown in tables on wwwwebometrics.
info are basically ranks (smaller number, better ranking) which purpose is to show
individual performances, but one has to bear in mind that those values are not
applied in ranking calculations [60].

Due to technical problems in the previous versions of the ranking system,
Cybermetrics Lab changed some of the ranking weights (presence and excellence
from Table 2) in the last version of the ranking system so that the current method-
ology is shown in Table 2 (January edition, 2019.1.0.).

Indicators Description Source Weight

Presence Size (number of web pages) of the main web domain of Google 5%
the institution. It includes all the subdomains sharing
the same (central or main) web domain and all the file
types including rich files like PDF documents

Visibility Number of external networks (subnets) originating Ahvefs, 50%
(or impact) backlinks to the institution’s webpages Magestic
After normalization, the average value between the
two sources is selected

Transparency Number of citations from top authors according to the Google 10%
(or openness) source Scholar

Citations
Excellence Number of papers among the top 10% most cited in 26 SCImago 35%
(or scholar) disciplines

Data for the 5-year period (2012-2016)

Table 2.
Webometrics university ranking methodology (January edition, 2019.1.0.) [60].
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3.1.4 Several relevant facts about webometrics vanking of universities

Results of ranking of universities [58] have been published two times a year since
2004 (data are collected during the first week of January and July to be prepared
and published in the end of both of the months) covering more than 28,000 institu-
tions of higher education all over the world with their analyses.

The data are collected between January 1 and January 20, depending on a
current edition of a ranking publication. Data are taken (sampled) for each of the
variables at least two times during the certain period, and the greatest value is taken
as the final value to be analyzed in order to avoid possible errors in data collection.
Inconsistency of web search engines is very huge so that the obtained results may
be diversified, and there is a small possibility for their replication if browsing is
done several days later. Google is very geographically biased; that is why data are
collected with google.com mirror related to the domain, and English is used for the
interface and Madrid (Spain) as the location.

A final publishing of ranking data is performed at the end of January or July,
usually not before the 28th day of the month. It is very important to mention that
Cybermetrics Lab follows its general rule not to discuss any presented result or
provide unprocessed data with which a specific ranking was performed [58].

4. Webometrics ranking system: advantages and disadvantages

Like other ranking systems, Webometrics ranking system has a range of advantages
and disadvantages. Differently from other systems of ranking of scientists and universi-
ties, one can say that webometrics is a “global” ranking system. Why global? Most of
the ranking systems include only several hundreds or thousands of the best universi-
ties, such as Shanghai list, while Webometrics includes most of the universities of the
world, i.e., currently 28,000 scientific institutions from all over the world [60]. This list
also enables ranking of scientific institutions, institutes, and individual members of a
university, which can entice competitive spirit among individual members of a univer-
sity. Why is this important? An extremely small number of universities of the world
satisfy the Shanghai list criterium. However, this does not mean that there are no other
universities of good quality besides those which are ranked as well as scientists working
at those universities all over the world. It is easy to conclude that the universities from
the Shanghai list and similar lists mainly originate from countries from well-developed
economics and well-ordered educational systems, developed democracies, and high
degrees of autonomies of their universities. Higher education systems of developed
economies follow up the needs of the labor market and technology progress, and the
quality of educational institutions is institutionally maintained due to strict accredita-
tion criteria prescribed by authorized organs and ministries in every state. In developing
countries and in poorly developed economies, there are great problems regarding an
objective assessment and ranking of quality of institutions of higher education due to:

* Poor or no applying of international criteria [61, 62]
* Involvement of politics into institutions of higher education [61, 62]

* Devaluation of diplomas and criteria through institutions which do not fulfill
requirements and criteria prescribed by law [61, 62]

* An extremely low percentage of scientific production of relevant publications
indexed in the leading databases

31



Scientometrics Recent Advances

In such circumstances, Webometrics ranking system actually represents a
system of neutral international evaluation of quality of scientific institutions and
scientists at all institutions not included into the Shanghai list. It is important to
underline that there are not any significant deviations in the placing of the first 100
ranked universities on the Shanghai list and on the Webometrics list. Namely, the
Webometrics list, through the four of its criteria (Table 2) [60], evaluates situa-
tions at the universities all over the world and positions them on its lists assessing
every of the four criteria individually. This ranking procedure cannot be affected by
any university, ministry, or state trying to improve its institution’s ranking position.
In most of the low-developed or non-developed countries, there is not any adequate
system to control and follow up the success of reforms or define weaknesses and
evaluate destructiveness of the involvement of policy into activities of institutions
of higher education. This is one of the great advantages of Webometrics because
it actually represents a very simple international tool for quality control of higher
education institutions and enables competition among higher education institu-
tions all over the world. In such process, it is clearly visible through the ranking
system which of the four ranking parameters (presence, visibility, transparency,
excellence) an institution progresses or stagnates. This enables development of a
strategy for improvement of quality of scientific institutions, particularly in the
weakest segments being evaluated. An extremely good point of Webometrics is
that it performs ranking of institutions within states, within regions, or within the
whole world [63]. In total, a university can be better positioned in some country,
but it does not simultaneously mean that it is better than others by all of the four
ranking parameters.

According to the last Webometrics list for Bosnia and Herzegovina [64] (January
2019, Edition 2019.1.2.), the University of Banja Luka is positioned second in Bosnia
and Herzegovina, but in “presence rank” category, the International University of
Sarajevo (which, in total, takes only the fourth position in Bosnia and Herzegovina)
is ranked better than the University of Banja Luka (Figure1).

How important having an international ranking list as a corrective showing and
assessing situation at higher education institutions in developing countries may be
analyzed on the example of universities of Bosnia and Herzegovina. Bosnia and
Herzegovina is composed of two entities (the Federation of Bosnia and Herzegovina
and the Republic of Srpska), and the Federation of Bosnia and Herzegovina is
administratively divided into ten cantons. At the level of the state, there is the
Framework Law on Higher Education in Bosnia and Herzegovina, while at the level
of entities and cantons, there are educational policies being implemented according
to the laws of entities and cantons. There are 8 public and 35 private universities
and faculties in Bosnia and Herzegovina which are ranked by the Webometrics list
from January 2019 (January 2019, Edition 2019.1.2.) [64], which is an extremely
great number for the country with about 3.5 million of inhabitants. Work permits
and work control of these higher education institutions, without clear international
criteria, are issued and implemented by cantonal ministries of education with laws
differing from canton to canton. Cantonal laws often are not in compliance with the
Framework Law on Higher Education in Bosnia and Herzegovina (“Official Gazette
of Bosnia and Herzegovina” no. 59/07 and 59/09, hereinafter: the Framework
Law), and very often they are subjects of dispute before the Constitutional Court
of Bosnia and Herzegovina (rating of constitutionality: U-19/16, U-22/18) [65, 66].
Cantonal laws are often changed for the purpose of involvement of politics into the
universities in order to weaken and cancel their autonomy which is guaranteed by
the Framework Law on Higher Education in Bosnia and Herzegovina. In such condi-
tions, the only measure and objective evaluation is the Webometrics list. Namely,
the University of Tuzla has been progressing on the Webometrics list over the years
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Figure 1.

The Webometrics list for Bosnia and Hergegovina with all parameters (January 2019, Edition 2019.1.2.) [64].

(after implementation of a set of measures by a quality team), and in June 2016, it
took the 3186th position on the list, which was the best position of this university in
the history (Figure 2). Immediately after this event, the Law on Higher Education
in Tuzla Canton was changed, and in a day the management of the university
was replaced, the Senate was dissolved, and receivership with temporary organs
under political patronage was imposed. Although it is difficult to find such case in
developed economies, or anywhere in the world, the key issue is how to measure the
effect of such measure.

In circumstances where there is not any adequate reaction of state institu-
tions (Agency for Higher Education, parliamentary committees for education,
state Ministry for Civil Affairs) to such situation because everything is politically
controlled and the Constitutional Court is declared authorized for interpretation
of compliance of the Cantonal Law on Higher Education with the Framework Law
on Higher Education in Bosnia and Herzegovina (U-19/16) [65], an independent
international factor unaffected by politics, i.e., Webometrics, is necessary. Although
such measure was allegedly implemented to improve quality and position of the
University of Tuzla, the Webometrics list soon showed all the effects of this mea-
sure. The position of the University of Tuzla on the Webometrics list was becoming
weaker and weaker over the years, and in January 2019, it ended on the 3795th [64]
place (Figure 2) and experienced the fall for 609 positions or 19.11%. The university
which in July 2016 (Figure 2) took the second position in Bosnia and Herzegovina
by quality took the 5th place. One more advantage of Webometrics is ranking
of four segments, which provides an insight into segments where the university
became weaker and into those where it became stronger. The mentioned indicators
show fall of quality in almost all of the ranked segments, and it imposes the con-
clusion that cancelation of autonomy, involvement of politics into the university,
and compulsory administration cause weakening of the quality of the university.
Similar processes and measures were implemented at the University of Biha¢, which
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Figure 2.
Position of the University of Tuzla in the world and in Bosnia and Herzegovina according to the Webometrics

list for the period from January 2016 to January 2019.

resulted in its taking 11,546th position according to the list from January 2019 [64],
and it would be very hard to improve its position significantly. This resulted in a
significant decrease of the number of enrolled students, in the decrease of competi-
tiveness, and in the struggle for huge international projects and low percentage of
scientific production in the leading index bases of the world. An obvious decline

of publishing and quoting of works is confirmed by the criterium of excellence by
which the University of Tuzla takes the 4th place in Bosnia and Herzegovina [64],
with a condition that the mentioned parameters probably are not correct which is

a consequence of Google Scholar and webometrics itself. Although it measures the
researching productivity on the basis of the presence on the web, the mentioned
ranking system depends on categories related to publishing and quoting of sci-
entific works (of excellence (SCImago) and transparency (Google Scholar))[60].
These two parameters bring 45% out of the total score in ranking of a university.
Over the years there has been a notable tendency of increase of the weight of these
two parameters in Webometrics ranking system. Here we see first the disadvantages
of Webometrics ranking system. Webometrics uses GS for transparency criterium,
which enables creation of a profile of a scientist with verification of an address from
a scientific institution.

Google Scholar is a system in which the academic community has been very
interested [67], and it has been used by a great number of universities and research
institutions both for ranking of institutions and ranking of academic personnel
[68-72]. The system is very good; it is automatized in the way that a computer
program performs the main role in the whole process, from data collection to data
processing. Like any other system, this one is not perfect, and it has some critical
omissions which are mostly related to ascribing a quotation from a scientific paper
to some authors to whom it does not belong.

GS system has several possibilities to ascribe articles to their authors. The first
possibility is automatic. Computer system collects information about published
scientific publications on the web, with all auxiliary elements of the paper which
besides the title of the work include names of the authors, keywords, and a brief
description of the paper. According to these data, GS system browses its basis of
user profiles and proposes to a potential author found in its database of publica-
tions, which contains a name of a potential author, to ascribe the found article to
his/her profile. On the basis of available data, GS system “assumes” that the user
is the author of the publication found, which does not have to be true. This often
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causes situations where papers and quotes on certain profiles are not true. Of
course, an author has to have his/her profile on GS system.

Another possibility is manual addition of a publication with all of its auxiliary
meta-information. By this approach, GS system enables a user who has a profile
on the system to enter data about his/her paper manually: a title of the paper, a list
of all authors, a name of a publisher, a title of a journal or a conference, a year of
publication, etc. There is not any mechanism to check authenticity of an author,
i.e., if a person is the author or a co-author of the paper. The only good point of this
approach, bearing in mind manipulation of quotes in the concerned publication, is
that all quotes related to the paper concerned would not unconditionally be ascribed
to the user of a profile, i.e., to the “author” who adds the paper to his/her profile. A
possible explanation for this situation may be in the fact that there is not any pos-
sibility to acquire all quotes of a paper at once since it is done automatically by web
crawler computers which have their time scheme of performance of tasks.

The third possibility is to add publications manually but not data. One browses
the database of GS system and finds a desired publication and ascribes it to the user
profile. This differs from the previous approach by the fact that the work concerned
was already indexed in GS system and all necessary data (which besides the main
data contain data about all quotes related to the publication) were ascribed to it.

In this case, if a publication having a certain number of quotes has already been
ascribed to an author who is its real author and if a user manually adds the publica-
tion to his/her profile, then all existing quotes of the publication concerned would
be ascribed to his/her profile regardless of the fact that he/she is not the real author
or co-author of the publication. According to our best knowledge, currently there is
not any mechanism to heck credibility of an author—if a person really is the author
of the co-author of the concerned publication. This is one of the great disadvantages
of the current version of GS system regarding manual ascription of publications to
users’ profiles.

Since we believe that the last mentioned situation represents a serious omission
in GS system, we tested the concerned situation with two articles. One publication
which we added to a profile of a user (with No = 47 quotes) who is not the author
of the publication (one of the authors of this article) had a significant number of
quotes (No = 388), while the other one did not (No = 20). Two publications with
different numbers of quotes were added in order to check if it was really practically
possible to add a publication with any number of quotes. We made a screenshot
before adding the concerned publications to the profile of a user who was not the
author of any of the articles (Figure 3) and after the publications were added
(Figure 4). These two illustrations clearly show that after the concerned publica-
tions were added, the number of quotes of “new author” increased significantly
proportionally to the number of quotes ascribed to the source publication. GS
system did not, at any time, report that the “new author “ actually was not the
author of the concerned publications.

This represents significant omission in Google Scholar system, which opens
possibilities for new ways of manipulation in all systems of ranking, of universi-
ties, and of researchers themselves, which use this system as a part of some other
systems for various types of ranking. Some authors had already been pointing
to manipulations with quotes in academic researches [73], but this is the case of
manipulation of GS system [74, 75].

Where does this omission become very “disputable?” Namely, examining
profiles of scientists from the University of Tuzla, one defined that even 30% of
profiles out of the first ten ranked contain papers of which they are not authors or
co-authors. Those are profiles taken into consideration in ranking of parameters
on the list from January 2019. It is significant to mention that even 446 quotes
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Author’s profile on GS after adding two papers with belonging quotes.

which do not belong were ascribed to the mentioned profiles [76]. This data
becomes extremely significant if we consider the fact that only 8 scientists from the
University of Tuzla have more than 400 quotes (the real number is even less when
one takes out nonexisting quotes and scientists who do not work at the University
of Tuzla anymore). Analyzing the following 10 profiles of scientists (by order of
11-20), we found 186 more non-belonging quotes [76]. This becomes a greater
problem if we bear in mind that most of those “added” works were published in
journals of extremely good quality [76], so the quotes have been distributed over
the years which affects the parameters of ranking of the university even more. If we
know that the first ten ranked profiles are taken into consideration in ranking, we
have to ask ourselves if those are really the best ranked scientists and if the position
of the university on the Webometrics list is dully calculated [76]. A checkup may
easily show that the order, the number of quotes, and the index are not correct,
which leads us to a process of incorrect ranking of profiles and incorrect evaluation
of the Webometrics list. Knowing the evaluation system on which webometrics
functions, it is easy to conclude that adding highly quoted papers from prestigious
publications can significantly improve the position of a university. This is also
extremely important for ranking of scientists because many universities in the
world do not have any access to WOS, and it is very easy for all to use GS ranking
lists to measure quality of scientists and a degree of their being quoted. These lists
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should be reviewed in order to obtain a realistic picture in ranking of scientists in
institutions and by states as an adequate hierarchy of universities. The example
from our experiment can easily show that h-index has changed significantly. By
adding only two papers, it increased from 3 to even 5, and i-index increased from
2to 4 (Figures 3 and 4). Since the mentioned omissions were found at many other
universities as well, we believe that changes in the ranking order of universities and
scientists would be very significant. Authors on profiles often are not aware that
those are not their works because they update their profiles automatically. Many of
them do not pay great attention to it, while a great number of scientists do not have
a great knowledge about ranking systems. Another disadvantage of this system is
retention of scientists’ profiles, although they are engaged by another institution.
This means that their profiles are retained after cessation of their engagements.
Movements of scientists in the system of scientific institutions and going from one
institution to another for the purpose of increasing quality of individual institutions
are also a process which should be followed up by GS. To solve this problem, one
needs to design a system which would obligate scientific institutions to update data
in time and to ask for removal of profiles of those scientists who are not engaged
anymore (i.e., the profiles should be adjusted to the new institution). Gaining
benefits for quotes on profiles of retired scientists and of those who passed away

by institutions is not fair. We found such omission at our university where even 2
out of the first 12 scientists left the University of Tuzla, having together over 1300
citations and being involved in the process of ranking of the university [76]. This
omission may not be ascribed only to GS, but one needs to design a system of annual
verification of profiles for which scientific institution would be in charge. On the
other hand, there are scientists who are not ranked within the frame of an institu-
tion due to wrong entries of affiliation and do not contribute to the reputation of a
university although they have a great number of quotes. Although Webometrics in
its rules hinted at a possibility of sanctioning institutions for double profiles and
ascribing papers to wrong authors [60], we noticed that the mentioned sanction has
not been implemented, and we saw such cases at several universities in Bosnia and
Herzegovina. There is a simple way to solve the mentioned manipulations and omis-
sions. One of the ways is introduction of Z score system [77-79] into Webometrics
ranking system. Namely, this system would check authorship, i.e., it would be
impossible that a system or a man adds a paper to a scientist’s profile if he/she is not
its author. For the purpose of further increase of quality of ranking related to pub-
lications, one could think about introduction of a certain percentage of ranking on
the basis of publications indexed in the best databases in WOS through this system.
Authors would also be ranked by the volume of work, i.e., Z score would perform
ranking of scientist on the basis of a type of authorship (first author, corresponding
author, other authors), number of authors of a paper, quality of a journal, and a
number of quotes. Should this process be too demanding in the first phase, a process
of filtration of profiles and removal of double profiles, non-belonging papers, and
other omissions could be performed in the first phase.

5. Conclusion

As a global ranking system, webometrics represents an important step in the
assessment of scientific institutions and scientists. It is very important, especially
in countries which do not implement international standards and criteria through
their institutional educational system. Through its main four parameters, the
system entices healthy competition among scientific institutions and scientists.
Along with all of the advantages, the system, like any other system, has some

37



Scientometrics Recent Advances

disadvantages, mostly in the domain of ranking of scientists and therefore of
institutions through valorization of publications and quotes. Manipulations with a
number of quotes and calculation of z-index and i-index can be removed with the
application of new systems for measuring, such as Z score, or by introduction of
new algorithms for recognition and prevention of these disadvantages.
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Bibliometric Method for

Mapping the State-of-the-Art and
Identifying Research Gaps and
Trends in Literature: An Essential
Instrument to Support the
Development of Scientific Projects
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and Thais Vieiva Nunhes

Abstract

Bibliometric analysis is an indispensable statistic tool to map the state of the art
in a given area of scientific knowledge and identify essential information for various
purposes, such as prospecting research opportunities and substantiating scientific
researches. Therefore, the objective of this chapter is to present a method of biblio-
metric analysis for mapping the state of the art and identifying gaps and trends of
research. The method encompasses instruments to identify and analyze the scien-
tific performance of articles, authors, institutions, countries, and journals based
on the number of citations, to reveal the trends of the field studied through the
analysis of keywords, and to identify and cluster scientific gaps from most recent
publications. This method enables to expand in a scientific way the boundaries of
science by investigating and identifying relevant and avant-garde research topics.
It is an essential element that provides researchers means to identify and support
paths towards the development of scientific projects.

Keywords: bibliometric method, bibliometric analysis, research gaps,
trends in literature, scientific projects

1. Introduction

The scenario of intense competitiveness is a reality that has led many countries
to increasingly invest in their scientific and technological development, which is an
essential pillar for the construction of a sustainable economy [1].

One of the consequences of this development is the large volume of scientific
articles published daily in international databases for the dissemination and sharing
of contributions and advances resulting from academic research of different groups
of researchers from various universities and countries [1, 2].
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In light of this, the importance of bibliometrics is worth noting, which is
a method for measuring, monitoring, and studying scientific outputs [3, 4].
Bibliometrics enables the mapping and expansion of knowledge on a particular
area of research, evidencing connections between the main publications, authors,
institutions, themes, and other characteristics of the field under study [3, 5].

An important application of bibliometric methods is its use as a tool for research
evaluation [2, 4]. Outstanding papers in bibliometric studies are considered as reli-
able and relevant sources of results and are often used to justify decisions on research
policies, funds, job offers, and promotions and also to direct and support research
projects on the basis of what is most relevant in the scientific literature [2, 6].

The evolution of knowledge is something that occurs all the time, and the
novelty of the researchers’ proposals is the basic premise for the development of
scientific research with great scientific and applied contributions. Therefore, the
analysis of the state of the art of the field studied is an indispensable step to choose
a no table research problem, since it can reveal gaps that need to be filled in the
literature and important studies to underpin the researchers’ proposals [6].

In this sense, it is important to emphasize that research funding bodies have
increasingly required evidence that the research they support has potential to
impact society with innovations, advances, etc. [2, 4, 7, 8].

Bibliometric methods involve the use of several tools that can help researchers
to identify a relevant and current research problem, thus making clear the potential
impact of the research in case of it being developed [4, 6].

Information technology (IT) tools can be used to assist the process of searching
for relevant scientific contents, collecting scientific data, and summarizing the
results obtained. These tools may be extremely important in clarifying the direction
of a particular field of study and what advances and developments this may still
present [4, 6].

Bibliometric indicators, if properly analyzed, can give more consistence to the
research project, since they use statistics from different bibliographic databases that
differ in terms of scope, data volume, and coverage [4].

Thus, the researcher who develops the research project based on bibliometric
analysis has the possibility of presenting the objectives and methods of his work
clearly and concisely by illustrating which scientific gaps in the field will be filled
with the development of its study.

Hence, the purpose of this chapter is to present a method of bibliometric analy-
sis for mapping the state of the art and identifying gaps and trends of research in
literature. Throughout the sections some important bibliometric tools and analysis
to justify the development of research projects will be set out.

The proper use of the presented method allows the understanding of the gaps
and research tendencies from the mapping of the state of the art of a field studied,
being a path to be followed by researchers in the phase of elaboration of their
research project in order to ensure that the studies present real scientific, applied,
and social contributions.

2. Mining and analysis of bibliometric data

The application of this method is oriented to map the state of the art of a
scientific theme through the characterization of bibliometric parameters. The bib-
liometric parameters used are those with greater availability in scientific research
platforms. For this characteristic, the presented method has universal application in
the different fields of knowledge, concerning the researcher to adapt it adequately
to meet their demands of study.
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Another relevant characteristic of the method is that it was primarily designed

to be applied in the initial phase of the development of a new study. Through the
mapping of the state of the art, the bibliometric analysis reveals to the researcher

essential information to base his study. The application of bibliometric analysis in
the initial phase of a study can ensure that relevant references of the literature were
considered for the construction of the new research. In addition, the results of the

bibliometric study sheds light on the gaps of the literature, what can substantiate

the scientific demand and originality of the study proposed.

The expected results of conducting the bibliometric analysis proposed in this
method can be achieved by performing the macro-steps presented in Figure 1.

After defining the field studied, with which it is advisable that the researcher
has some affinity, the first challenge in the bibliometric study is the choice of the

scientific research platform to be

used.

The choice of the scientific research platform is one of the actions that hasa
significant impact on the bibliometric analysis and, therefore, must be well planned

in order to obtain assertive results and avoid reworking. In practical terms, research

Define field of study

<5
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Define search
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Mining of bibliometric data

Define and execute
search criteria

Review and save
results
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| countries articles
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Figure 1.

Stages of the method for mapping the state of the art and identifying gaps and trends of research. Source:

Prepared by the authors.
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platforms present different tools for mining scientific data. Thus, the researcher
should check what data can be extracted from each one of the platforms that best
reflect the objectives of the study. This analysis is essential for the bibliometric
study to meet the researcher’s expectations and produce high-quality bibliometric
studies.

Examples of scientific research platforms with robust databases and reasonable
availability of search filters include Scopus (www.scopus.com) and Web of Science
(WoS) (wwwwebofknowledge.com). These platforms provide access to thousands
of scientific articles published by publishers such as Elsevier (www.sciencedirect.
com), Emerald (www.emeraldinsight.com), Springer (www.springerlink.com),
Wiley (wwwwiley.com), and Taylor & Francis (www.tandfonline.com), among
others. EBSCO (www.ebsco.com), Crossref (www.crossref.org), and Google
Scholar (scholar.google.com) are other multidisciplinary platforms also used by
researchers. In addition to these, there are extensive numbers of platforms specific
to the different fields of knowledge.

The combination of one or more platforms for mining scientific data can result
in more consistent bibliometric analysis. On the other hand, it will be more difficult
to integrate information from platforms with different structures, and although
there are computational tools that support the integration of this data, they still
require great improvements.

Besides the structural differences between the platforms, there are also differ-
ences in the classification of the information adopted by each of them. For example,
if the same search criteria were applied to different platforms, the results returned
may not be the same. The variation in the number of articles is explained by the
different search parameters adopted and also by the particular coverage of each
platform.

The difference in the results generated by the platforms is approached in the
works conducted by [9-12].

In this way, it concerns the researcher to identify the scientific research plat-
forms that offer the largest collection of articles in their field of study. Throughout
this chapter, the scientific platforms Scopus and WoS will be used as reference to
operationalize the proposed method and integrate bibliometric data from these two
platforms. The main reasons for using Scopus and WoS are the multidisciplinarity
of these databases, once they cover a relevant and extensive collection of scientific
publications and have available various tools for scientific data mining.

Scopus and WoS enable the extraction of essential data for conducting biblio-
metric analysis. From these data, it is possible to compare the performance of the
literature according to each platform and corroborate, complement, or refute the
results.

In addition, the integration of the scientific data provided by these platforms
makes it possible to obtain more robust results for the bibliometric analysis. Figure 2
presents the bibliometric data provided by the Scopus and WoS platforms.

Once the scientific platforms to be used have been defined, it is necessary to
establish the search criteria of the articles. In order to obtain high-quality data
mining, the search strategy should reliably reflect the research topic, the study
objectives, and the limits of the research field. The main search criteria used in the
bibliometric analysis are specific terms to the field of study, publication period,
document type and language, and area of knowledge.

The specific terms of the field under study should express the subject, its syn-
onyms, and different spellings. For example, the theme “Lean Six Sigma” is often
represented by its synonym “Lean Sigma” or “Lean 6 Sigma”. For more assertive
results, it is recommended to use the Boolean expressions “AND” or “OR” to com-
bine different expressions and increase the theme’s specification, thus improving
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Figure 2.
Bibliometric data provided by scientific platforms Scopus and WoS. Source: Prepared by the authors.

the accuracy of the results returned. Specific terms of the field under study should
be primarily sought in the titles, keywords, and summaries of the articles.

The filter of publication period should be defined according to the period in
which the researcher wishes to perform the bibliometric analysis. For a complete
map of the state of the art, it is suggested that all studies regardless of their year of
publication be analyzed. However, when the fields of study have been investigated
for many decades and the number of documents published is too high, it is advis-
able to limit the period analyzed because the subjects approached in the older
papers were probably widely explored in the following ones. It should be high-
lighted that the analysis of gaps and trends for future research (discussed later in
details) in general needs to be developed based on recent publications [13].

Among the different types of documents available on scientific platforms, articles
and reviews published in journals are the most reliable source to review the litera-
ture, since they are peer-reviewed in their full version [14]. It is recommended not
to include conference papers, notes, letters, books, book chapters, editorials, doc-
toral theses, master’s dissertations, and nonscientific publications, except in cases
where these types of documents are indispensable and relevant to the field studied.
However, when it comes to the medical field of research, it is also necessary to take
note of letters to the editor and case reports. The letters to the editor are documents
that report important discussions for the development of medical research, being
not so common in other scientific fields. Further, the case reports present the most
recent findings or the limits to which modern medicine and technology are progress-
ing and can be a channel for dissemination of best practices and solutions.

It is also suggested that only studies published in English be selected, since this is
the universal language of the science.

The definition of the area of knowledge allows to limit the research to specific
fields. However, if the researcher wishes to know the state of the art as a whole, it is
recommended that the study be carried out considering all the areas of knowledge.
If the amount of data found is extensive, the researcher may limit the investigation
to only one area. Table 1 presents an example of application of the search criteria to
the study field on Lean Six Sigma.

The results that meet the previously established criteria are displayed, and the
researcher must analyze the quality of the results. If the quality of the results is sat-
isfactory, the researcher should save it in the user area of the search platform. The
user area stores all the results obtained with the different applications of the search
criteria. The articles saved in this user area will be the database used for conducting
the bibliometric analysis. It is important to emphasize that before starting the data
analysis, it is necessary to certify the search results to eliminate articles that do not
belong to the field of study, but are included in the results.
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Inclusion criteria Exclusion criteria
Database Scopus and WoS Others databases
Publication Up t0 2017 Articles published in 2018
period
Document type Articles and reviews Conference papers, book chapters, books, notes,
letters, editorials
Source type Journals Books, websites, conference proceedings, trade
publications, doctoral thesis, masters dissertations
Subject area Physical, life, social, health —
and humanities sciences
Language English Other languages

Source: Prepared by the authors.

Table 1.
Example of application of the search criteria for the study field “Lean Six Sigma”.

One of the errors in the mining of bibliometric data is the use of a word that has
various meanings. For example, if you search for the term “Lean” many articles
that belong to “Lean Manufacturing” search field will be selected. However, many
articles that contain the word “Lean” to refer to a characteristic of the human body
will also be returned.

For this reason, it is essential that the author be attentive to this analysis on the
search results. It is recommended that the title of the article be analyzed first to
verify its suitability for the purposes of the study. If there is any doubt after the
examination of the title, it is necessary to read the article abstract. If the doubt
persists, it is fundamental to analyze the full text to decide if the bibliometric data
of this article will be exported to the software of bibliometric analysis.

Scientific platforms provide various bibliometric data, and among the most
relevant to perform the bibliometric analysis are title of the article, authors, journal,
year of publication, number of citations, institutions, countries, keywords, and
bibliographic references. The choice of exporting all these data should be specified
in the scientific platform itself, as shown in Figures 3 and 4.

Scientific platforms offer different options of file formats to be exported. The
most suitable file formats for export are “.csv” and “txt”. These formats allow the
bibliometric data to be analyzed in spreadsheets and/or bibliometric softwares.

b indhde refgreiied

Figure 3.
Selecting the data to be exported on the Scopus platform [15].
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Figure 4.
Selecting the data to be exported on the WoS platform [16].

Bibliometric data Bibliometric parameters
- Year of publication - Evolution of publications
- Research areas - Most searched areas

- Keywords - Most used keywords

- Article title - Most cited articles

- Authors - Most cited authors

- More productive authors

- Institutions - Most cited institutions

- More productive institutions

- Journals - More productive journals

- Countries - More productive countries

Source: Prepared by the authors.

Table 2.
Imported bibliometric data and bibliometric parameters generated.

In order to make bibliometric analysis more accessible to the scientific com-
munity, the presented method recommends the use of open source software such as
Calc (LibreOffice), Sci2 Tool (CNS), and VOSviewer (Leiden University).

Calc is a spreadsheet, and its use covers two main purposes: to integrate biblio-
metric data from different scientific platforms and analyze them. The bibliometric
data imported in the Calc spreadsheet and the respective bibliometric parameters
generated are presented in Table 2.

Importing data into the spreadsheet will only occur when the files are exported
in the correct format. For the Scopus platform, the file should be exported in the
“csv” format. On the WoS platform, the data should be exported in the “txt” format
(“tab-separated” option). With the data imported into separated worksheets, the
researcher must organize them into a single worksheet and classify according to
the title of the article. This activity will allow the identification of duplicate files,
making possible their elimination.

The bibliometric parameter “evolution of publications” is based on the publica-
tion year of each article. To obtain this parameter, the spreadsheet must be oper-
ated to quantify the number of articles published per year. This parameter reveals
the dynamics of the publications, whether the topic has been widely explored by
researchers or if there is a reduction in the interest of the scientific community.

The bibliometric data of research areas are used to quantify which areas are the
most researched ones. The information obtained by this bibliometric parameter
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allows to verify in which areas the researchers have directed their efforts and those
that are still underexplored.

Keywords are concise representations of a given text that allow readers to identify
its content in advance [17]. The keywords bibliometric data can be used to construct
frequency charts of the most used keywords, as well as to elaborate “word clouds”

It is important that the researcher pay attention to keywords similar to terms
or expressions already used in the search filtering process. Since these keywords
represent obvious information regarding the topic addressed, it is recommended to
disregard them to not analyze them in the subsequent analysis. This avoids inconsis-
tencies in the analysis and wasting time and effort of the researcher.

In the case of publications that do not use keywords (something very common
in administration journals, for example), the researcher must review the titles (and
even the abstracts, in the case of inaccurate titles) to identify terms or expressions
that define the main topics covered therein [11, 18].

The word cloud is a practical tool for dimensional visualization of the most
used keywords that represent the articles. The Wordle website (wwwwordle.net),
for instance, provides this tool. When elaborating the word cloud, the researcher
should note that expressions such as “Lean Six Sigma” can be understood as
three distinct words. To correct this interpretation in the website suggested, the
researcher must use the “~” symbol so that the expression will be understood
appropriately.

The titles of the articles are bibliometric data used to expose the most cited
articles by means of the number of citations received. A simple classification of the
articles according to the number of citations can reveal which are the most relevant
in the researched literature. Besides the classification of the most cited articles, it
is also useful to generate a chart with the evolution of the citations received by the
articles over the years. This chart can clarify which articles have increased its impor-
tance in the scientific world.

To identify the authors, institutions, journals, and countries most cited in the
literature, it is recommended to apply the following steps: (1) visit the Scopus and
WosS platforms (logged into your respective accounts) and check in the researcher’s
list of the authors, institutions, journals, and countries with a minimum number
of publications; (2) select the authors, institutions, journals, and countries that
meet the requirement set out in step 1; (3) count in the spreadsheet the number of
citations received by authors, institutions, journals, and countries; and (4) classify
the authors, institutions, journals, and countries according to the highest number of
citations received.

It is important to clarify the reason for filtering a minimum number of publica-
tions from authors, institutions, journals, and countries applied in step (1). If
this filter is not applied, authors who had one or two publications that had a high
number of citations will be included in the ranking of the most relevant authors in
the literature. This often occurs with researchers who are not specialists in the field
of study. For example, one author co-authored two articles that had a high impact
on the literature, but the analysis of his research profile reveals that he does not act
in the field of study investigated. Therefore, the author of this example may have
contributed punctually to the research, but is not a specialist in the subject study.

Tables containing the top 10 authors, institutions, journals, and countries
should be generated. In addition to the number of citations received, these may
contain other performance information, as presented in Table 3.

After obtaining the bibliometric parameters, it is recommended that the biblio-
metric networks of the research be generated. In this chapter, it is recommended to
use VOSviewer software, which will allow the construction of bibliometric net-
works referring to articles, authors, journals, institutions, and countries based on
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Table Table columns

Most cited Position in the citation ranking, title of the article, authors, journal, year of publication,

articles number of citations, evolution of citations over the years

Most cited Position in the citation ranking, name of the author, institution, H-index, number of

authors publications, number of citations, evolution of citations in the field of study over the
years

Most cited Position in the citation ranking, institution name, country, number of publications,

institutions number of citations

Most cited Position in the citation ranking, name of the journal, publishing area, SJR or JCR, ISSN,

journals number of publications, number of citations

Most cited Position in the citation ranking, country name, number of publications, number of

countries citations

Source: Prepared by the authors.

Table 3.
Proposal of additional data for citation ranking tables.

citation, co-citation, co-authorship, and bibliographic coupling. The software also
allows quantifying terms, a useful tool to characterize the occurrence of keywords
[19]. Examples of networks will be presented and explained in more detail in the
next section.

3. Mapping of the state of the art and identification and analysis of gaps
and trends of research

The main objective of the analysis of gaps in the literature is to provide the
researcher ways to identify opportunities for exploring new relevant topics of a
given field of research, as well as studies that have not been fully explored and
which require the development of further studies in order to advance the state of
the art of a particular theme. Therefore, in this section some types of analysis that
may converge in the identification of scientific gaps and research trends will be
presented.

3.1 Analysis of authors, countries, institutions, articles, and keywords

The analysis of most cited authors is helpful to the researcher to know the
authors who are reference in the area under study and then always be attentive to
new studies published by these authors. In this analysis, it is recommended that
authors with a minimum number of publications be selected, as this will avoid
the selection of authors who are not experts in the field. This type of analysis may
indicate to the researcher opportunities for co-orientation partnerships, participa-
tion in international research groups, etc.

The analysis of the most cited authors in a theme and their most recent articles
on this topic is a way of guiding the development of a bibliometric article that aims
at the identification and analysis of gaps and trends. The selection of authors with
a minimum number of publications can be done manually in the main research
platforms or it can be done by means of the software VOSviewer, which performs
the analysis of most cited authors with the option to select the filter of minimum
number of publications of a given author.

The analyses of most cited countries and institutions are other possibilities of
bibliometric analyses that can help the researcher to direct his academic plans,
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since the researcher who intends to carry out a research internship must know in
advance the countries, institutions, and research centers of excellence in your area.
Therefore, the analyses of countries, institutions, and research centers most cited
can help researchers to justify possible proposals for research abroad and may also
open doors for the establishment of cooperation agreements between students,
professors, research groups, and also between universities.

In order to perform these types of analyses, the use of the VOSviewer software
is also recommended, since it automatically counts the number of occurrences and
citations of each country or institution in a portfolio of documents. In addition,
the software is capable of creating several types of networks, such as co-citation
and co-authorship, citation of articles, institutions and countries, co-occurrence
of keywords, etc. Figures 5-7 show three forms of visualization of an example of a
co-citation network of authors elaborated with the aid of the software VOSviewer,
using the data exported by the Scopus platform in “csv “format type.

Notice in Figure 5 that the “network visualization” is the simplest display mode,
which shows the iterations of co-authorship and formation of some clusters. The
second display mode “Overlay visualization” (Figure 6) returns a network that
brings iterations of co-authorship and formation of clusters and, in addition, brings
information of chronological type (see the legend in the bottom right corner of
Figure 6). Finally, the third display mode (Figure 7), although does not show itera-
tions and clusters as the other modes, clearly allows to verify the different densities
of the information shown in the network. In this way, it is emphasized that the three
display modes are interesting; however, it is important that the researcher knows
how to identify the one that can best help the execution of the analyses taking into
account the objectives to be reached.

The analysis of the most cited and relevant articles is an important step to help
the researcher to develop a theoretical framework of quality for your research
project. The researcher needs to be aware of which articles are prominent in the area
under study so that documents with important contributions are not left out of the
reading portfolio. Likewise, the analysis of the recent articles published by the most
cited authors on a given topic can make the identification and analysis of gaps and
trends more robust, since it can indicate if the identified gaps have been filled and if
there are opportunities for developing new studies.
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Figure 5.

Author co-citation network in the “network visualization” display mode [15,19].
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Figure 6.
Author co-citation network in the “overlay visualization” display mode [15,19].
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Figure 7.
Author co-citation network in the “density visualization” display mode [15,19].

Researchers are also advised to filter, select, and analyze articles that are most
relevant to the topic studied. The option to search for articles by relevance is avail-
able on the main research platforms. The results returned in this type of search are
in general articles with few citations, since they are commonly newly published.
However, to select these articles, the research platforms carry out a projection that
identifies the relevant articles based on an evaluation that takes into account the
journal in which it was published, research area, average number of citations of
similar previous works, etc. Thus, it is important to include the relevant articles
in the bibliometric analysis, because they have great potential of impacting on the
academic community.

Figure 8 illustrates a possible ranking of the most cited articles for the “busi-
ness strategy” topic, while Table 4 presents the objectives, methods, results, and
proposal of future studies presented in a selected article for later identification and
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Figure 8.
Example of classification of the most cited articles according to the total number of citations. Source: Prepared
by the authors.

analysis of gaps and trends. Table 4 can also help to develop a general perception of
a possible timeline and its groups and interactions, which are analyses that will be
discussed in the next section.

The classification of the most cited articles in Figure 8 is in decreasing order,
and the ranking was based on the total number of citations accumulated in the
period from 2002 to 2016. The search filters were used to return the articles that
contained in their titles the word “business strategy” in the “business, management,
and accounting,’, “social science,” “engineering,” “environmental science,” and
“economics, econometrics, and financial” areas.

As the articles of the example in Figure 8 can be classified in different ways,
it is advisable for the researchers to choose to categorize the articles according to
their own needs. It should be noted that the list would have another sequence,
for example, if the articles presented in Figure 8 were classified according to the
average of citations that the article receives per year or, even, if they were classified
based on the impact factors of the journals to which they were published, etc.

Another way to identify gaps in the literature is by means of analyzing the most
commonly used keywords in articles on a given topic. The relevance of a particular
topic can be measured by the frequency with which the keywords appear in the
portfolio of documents analyzed in the bibliometric study. In this way, it is possible
to identify whether a topic has already been sufficiently explored and whether there
is still the possibility of its further exploration. For example, if a topic is in evidence
due to the frequency of a keyword, it may be easier to characterize the existence of
gap in the literature, depending on the researcher’s experience.

On the other hand, the researcher should be attentive if a keyword that was
often used in the articles is today no longer observed with such frequency and regu-
larity, because it can be a sign of a possible exhaustion of a theme in the literature.
In order to perform these types of analysis, the use of the software VOSviewer is
also recommended, since it automatically counts the number of occurrences of the
keywords in the selected articles.

Concerning the identification of gaps by reading the articles, it should be noted
that there are two ways to accomplish it. The first one is by analyzing the gaps that
are explicit in the text, that is, those that are usually at the conclusion of the articles
and, therefore, are easier to identify. Besides, sometimes it is possible that difficul-
ties faced with the conduction of a study can be also considered an explicit gap that
may originate new researches.

Among the explicit gaps may also be, for example, those arising from geographi-
cal limitations, which are consequences of the natural limitations of the studies.
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Author(s) Objective Findings Research Literature gaps
method
Teece [20] The purpose “Organizational agility” is Theoretical; ~ While these

of thisarticleis  often treated as an immutable in-depth relationships are

to explore the quality, implying that firms review of understood ata

mechanisms need to be in a constant your own theoretical level,

by which state of transformation. literature, there is a need for

managers However, this ignores that based on future empirical

can gauge such transformations, while the new work to flesh out the

the required often essential, come at a practices details. In particular,

level of cost. They are not always and needs studies that provide a

organizational necessary and may not even of modern better understanding

agility, deliver be possible. This article markets of business model

it cost- explores agility at a more innovation,

effectively, fundamental level and relates implementation,

and relate it to it more specifically to dynamic and change will

strategy capabilities. It demonstrates also shed light on
that it is first essential to important aspects of
understand deep uncertainty, dynamic capabilities.
which is ubiquitous in Uncertainty is very
the innovation economy. different from risk,
Business models, dynamic which can be managed
capabilities, and strategy using traditional tools
are interdependent. The and approaches. Strong
strength of a firm’s dynamic dynamic capabilities
capabilities helps shape its are necessary
proficiency at business model for fostering the
design. Through its effect organizational agility
on organization design, a necessary to address
business model influences the deep uncertainty, such
firm’s dynamic capabilities as that generated by
and places bounds on the innovation and the
feasibility of particular associated dynamic
strategies competition

Source: Prepared by the authors.

Table 4.
Example of main information to be analyzed in an article and/or review.

In this sense, it is common for researchers to point out in the conclusion of their
articles that the expansion of the area of application of the study proves to be a
research opportunity. In order to emphasize the relevance of this type of gap, it is
recommended to check whether other researches with similar objectives are equally
geographically limited. If the geographical limitation is confirmed, a research can
be justified by the need to apply the study in other regions, countries, or continents.

The second way to identify gaps in the literature by reading is identifying the
implicit gaps in the text. These gaps are harder to identify because they are not high-
lighted in an explicit manner in the text. Thus, in order to identify implicit gaps, it
is important to consider the reader’s experience and familiarity with the topic, since
researchers with more experiences in a given topic are more likely to identify gaps
related to it than less experienced researchers.

3.2 Grouping, timeline, and analysis of interactions
Grouping the topics approached in the bibliometric study in research subareas, con-
ducting the timeline analysis, and searching for similarities between the various groups

are important steps to be followed in order to identify gaps and trends of research. The
procedures to accomplish this step of the method are presented in this section.
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After performing the analysis of gaps in the selected articles and reviews, it is
possible to group the main issues addressed in the studied universe. The purpose of
this analysis is to identify the structure of the state of the art of the theme, high-
lighting how its research subareas have evolved over time, how they are developing,
and where they are going.

Grouping the various topics into research subareas is a task that requires some
degree of mastery on the state of the art of the field studied. For this reason, it is
important to develop the analyses of most cited authors and articles, countries and
research centers in evidence, etc., because through them it will be possible to extract
arich set of information that will help the perception of similarities, the formation
of groups, and the identification of trends of research.

The recommended technique for performing groupings is content analysis,
which seeks to identify in a document the frequency with which categories of
a given subject are addressed [21]. To determine the categories (or groups), the
researcher must identify the most recurring topics (or elements) and account
for the frequency that they are addressed directly or indirectly in the articles and
reviews analyzed.

To facilitate the visualization of this analysis, a radar chart can be developed.

It will show the frequency of occurrence of the elements in the literature and will
show the ones that are most recurrent and that, therefore, should lead the formation
of the groups. Figure 9 illustrates the grouping process proposed in this chapter.

It is reccommended that the elements with about 70% of occurrence in the port-
folio of articles and reviews lead the formation of the groups, since these represent
subjects that have been widely discussed in the literature. Once the key elements are
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Figure 9.
Grouping process. Source: prepared by the authors.
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identified, the other elements should be grouped together based on an analysis of
similarities.

It is important to emphasize that the grouping may be led by elements men-
tioned directly or indirectly in the studies analyzed. Therefore, the group formed
from the grouping of elements directly addressed in the texts will be a more mature
group, that is, several papers involving the subject have already been published,
which shows that the group has already reached a significant degree of development
in the state of the art analyzed. On the other hand, the group resulting from the
grouping of elements indirectly addressed in the texts may indicate the need to bet-
ter develop a line of research that, although frequently addressed in the literature,
does not yet have specific papers published in this regard.

Once the groups have been created, one must try to understand the evolutionary
process of each of them over the years, what are their contributions to the state of
the art, and where is the research going in each subarea, evidencing the gaps and
trends of each group. The timeline is a tool of analysis that can illustrate from a
temporal point of view the general evolution of each group over the years. It also
allows the evaluation of the maturity of the research subareas. Figure 10 shows an
example of timeline for the “Integrated Management Systems” search field.

As can be observed in Figure 10, the timeline allows researchers to better visual-
ize the contributions of each group for the building of the state of the art, allowing
even the comparison of the evolution between the different groups by tracing
transverse lines to the horizontal axes of the timeline.

The maturity of each group can be observed according to the volume and distri-
bution of the publications fixed in the axes. In this way, axes with a higher density
of work represent the more developed groups, while the more vague axes represent
the groups that need more research to be developed.
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Timeline to the “Integrated Management Systems” study field [13].
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Group Contribution Author(s) (year)

IMS and sustainability The IMS is a driver that can Authorl et al. (2016), Author? et al.
conduct companies to achieve (2016), Author3 et al. (2016), Author4 et
the sustained success al. (2016), Author5 et al. (2015), Author6

(2008), Author7 and Author8 (2004),
Author9 (1995)
IMS and strategy, The IMS is a strategic asset Author10 and Author11 (2015), Author12

performance and
innovation

that has positive impact

on innovation, financial,
operational and marketing
firm performance

(2014), Author13 et al. (2013), Author14
etal. (2007)

Analysis of integration
levels and motivations,
benefits and difficulties
of IMS implementation

There are different levels of
integration (normally three)
which characterize the nature
of motivations, benefits and
difficulties of implementation

Author12 et al. (2015), Author15 and
Author16 (2015), Authorl7 et al. (2014),
Authorl12 et al. (2012), Author18 et al.
(2012), Author19 et al. (2012), Author20
etal. (2012), Author18 etal. (2011),
Author21 etal. (2011), Author12 et al.
(2010), Author12 et al. (2009), Author22
and Author23 (2009), Author24 (2008),
Author6 et al. (2006)

IMS methods, guidelines
and maturity model

Methods, guidelines and a
maturity model are proposed
in order to facilitate and/or
“normalize” the integration
process

Author25 et al. (2016), Author26 (2013),
Author27 (2004)

IMS and corporate social
responsibility

The IMS structure provides
the integration of CSR

Author28 et al. (2013)

Table 5.
Group analysis [13].

In addition to the time line, the groups and their respective contributions can be
presented as shown in Table 5.

It can be seen in Table 5 that the 30 articles analyzed were classified into
5 groups, each one adding value to an important area of the state of the art on
“Integrated Management Systems.”

After grouping the topics and understanding the particularities of each group,
it is recommended to identify if there is any relation between them, that is, if there
is a structure of evolution according to which one group gave support to the devel-
opment of another. Figure 11 shows a map of interactions with the interactions
between the research groups on “Integrated Management Systems.”

As shown in Figure 11, it is common for the more mature groups to influence the
development of more recent ones, as the publications of a group can add important
contributions and indicate gaps that may create trends of research to advance the
state of the art of a given study field as a whole. It is important that the synergies

between the groups and the pathway of formation and development of the state of
the art are indicated in the map of interactions.

The analysis of interactions is a final analysis that must be conducted with a
systemic view, because from it the researcher can perceive interaction relationships
with potential to give rise to groups with original research proposals. Upon reach-
ing this point of application of the method, the researcher is expected to know the
particularities of the field under study and the main groups belonging to it, so that
the analyses performed previously will provide support for the identification of
relations of interactions between the various groups.
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First approaches to IMS

Figure 11.
Map of interactions. Adapted from [13].

4, Conclusions

In this chapter, a method of bibliometric analysis was proposed in order to help
researchers develop a relevant research project based on the mapping of the state
of the art of a given topic and the identification, grouping, and analysis of gaps and
trends of research.

It was observed that the choice of the scientific research platform to be used
in the study is one of the actions that has a significant impact in the bibliometric
analysis and, therefore, must be careful and well planned so that the research will
return assertive results and reworking will not be necessary in the subsequent stages
of the analysis. In addition, it was verified that it is necessary to establish criteria to
perform the search of the articles, which must take into account the research topic,
the objectives of the study, and the limits of the research field.

In the proposed method, the mapping of the state of the art should be initiated
with the definition of the bibliometric parameters by the researcher, which has to be
consistent with those available in the scientific research platforms. By analyzing the
data mined, it is possible to compare the performance of the literature according to
each platform to corroborate, complement, or refute results.

It is concluded that the use of data extracted from two or more platforms
can result in a more robust and consistent bibliometric analysis. However, it is
possible that the researcher faces difficulties in the integration stage of the data.
In this sense, it is important to highlight that although there are computational
tools that help the integration of this data, these still need great improvements,
demanding extreme attention of the researcher in the process of mining and
analysis of the data.

The analyses presented in this chapter are important elements to expose and
explain the scientific gaps present in the literature that can base research projects.
Therefore, it can be concluded that the method presented is essential to help
researchers to develop their research in a way that they actually bring out signifi-
cant contributions to the literature. It is also concluded that the application of this
method can result in the expansion of the frontiers of science by promoting the
investigation of relevant and avant-garde topics.
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The main scientific contribution of this chapter is the possibility of using the
proposed method to help the development of new studies, based on bibliometric
analyses aimed at the identification of scientific gaps and trends, thus encouraging
the development and expansion of the state of the art of various fields of research.

It is also worth noting that the mapping of the state of the art and the identifica-
tion of scientific gaps and trends can lead the researcher to develop studies whose
results are important advances in the development of a technology, technique, or
scientific area. In this way, it is notorious that the presented method can aid in the
process of transformation of a scientific project into a workable product, being this
the main applied contribution of this study.

Finally, it should be pointed out that the results achieved with the application of
the proposed method may vary according to the experience and familiarity of the
researcher with the scientific area under study.
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Chapter 4

Detection and Characterization
of E-Health Research: A
Bibliometrics (2001-2016)

Zhiyong Liu, Jianjun Su and Lei Ji

Abstract

E-health is the use of ICT to improve the ability to treat patients, facilitate
behavior change, and improve health. It has many benefits like healthcare cost
reduction, convenience for users, and health system improvement. Several litera-
ture reviews have included one part or the other of the field, but an overall review is
lacking possibly due to the field’s constant evolution. An overview of E-health
research is needed. We selected the related literature on E-health downloaded from
Web of Science and PubMed as data source and used the visualization analysis
function of CiteSpace. Literature information would be converted into precise
mapping knowledge domain. Through further analysis of mappings, we explored
the theoretical framework and the forefront in the field of E-health. Our study
shows that over the past 15 years, the USA, England, and Australia were the top
three countries that published the largest number of papers. Researches about
Internet technology, telemedicine (m-health), and healthcare lay the basis of E-
health research development. Particularly, m-health, health system management,
and experimental intervention have emerged and formed the new study frontier in
the recent 3-5 years. With the advancement of E-health projects, an increasing
number of scholars have been studying the commercialization of E-health.

Keywords: E-health, bibliometrics, visualization analysis, CiteSpace

1. Background

Advances in information and communication technology (ICT) and the dissem-
ination of network data processing created a new environment of universal access
to information and globalization of communications, businesses, and services. In
the health sector, a variety of new ICTs are implemented to improve the efficiency
of all levels of healthcare. E-health—or digital health—is the use of ICT to improve
the ability to treat patients, facilitate behavior change, and improve health. Many
benefits of E-health have been presented, including cost reduction and convenience
for users [1, 2], reduction of health service costs and improving health service
quality [3, 4], reaching isolated or stigmatized groups, timeliness of access to the
Internet [5], increasing user and supplier control of the E-health intervention [6],
and changing government policy making [1]. E-health is making healthcare more
efficient while allowing patients and professionals to access and manage data in
ways that were previously impossible [7]. Thus, E-health does not specifically refer
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to a certain subject. It is an application area where many subjects are associated such
as clinical informatics, health informatics, electronic health record, consumer health
informatics, and various Internet-based technologies and services [8].

According to Faber, Mitchell coined the term E-health in 1999 [9]. The study of
E-health has attracted research interest after it was used by the World Health
Organization (WHO) [10]. First, some researchers raise the theory that E-health
communication may have immense potential to promote behavior changes through
unique features such as mass customization, interactivity, and convenience. As a
result, it can help improve the quality of medical care and lower the cost [11, 12]. On
the basis of these theories, many researches have been conducted to confirm the
advantages and benefits of E-health, such as “automatic-sleep classification
program” research and “E-health intervention model designing” [13, 14], chal-
lenges in establishing a national databank of anonymized person-based records, and
randomized controlled trial of web-guided approach [15-17]. Published articles in
related fields are on the rise year by year (Figure 1), and many countries have also
raised programs, Europe “e-Health Action Plan 2004-2010” and “e-Health Action
Plan 2012-2020” and the USA “Federal Health IT Strategic Plan (2015-2020),” on
the development of health information systems. The United Kingdom “Health and
Social Care Act 2012” proposed that we need to reform healthcare and take the
advantage of information technologies to improve the quality of patient care
[18-20]. It informs us that combining health work with ICT is the trend of medicine
development since medicine and health are the basis of stable development for
a country.

As for E-health researches, there are several main topics: (1) Consensus and
standardization of E-health research. (2) Evaluation methods and challenges—
proper evaluation methods are needed to establish E-health quality and efficiency
evaluation model [21, 22]. (3) Quality, value, and future trends—as most people

Electronic DBs:
Web of Scicence:8172
Pubmed:41073

Excluded:
[ | (articles not relevant to e-
_— ¥ " health)
. . N=38412
Title review
N=7567
Excluded:
+l * [report + web news)
M=753
Bibliographic Information
N=6814
1 Excluded:
v ¥ (Information not complete)
M=443
Final article selection
N=6371

Figure 1.
Flow chart of the literature.
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think, E-health application is cost-effective and efficient and will improve qualities
of clinical work [23-25]. The academic literature has primarily focused on issues in
the adoption and diffusion of specific E-health technologies, and only a few papers
concern on the development of E-health subject [26]. This leads to the current
state that although some literature reviews cover one part or the other of the field
[27, 28], an overall picture is still missing which is possibly due to the field’s
constant evolution. Besides, coherence of these researches is poor, and the interac-
tion between scholars is not enough, making it difficult to reach a consensus about
E-health research.

We explore the law of E-health discipline development using the scientific
metrology, social network analysis, and information visualization technology. Pro-
gressively synthesized co-citation networks are constructed and visualized to aid
visual analytic studies of the domain’s structural and dynamic patterns and trends
[29]. The formation of E-health, hot topics evolution, and trend of this research
field being explored is achieved.

This study aims to present an analytical review on the state of E-health research.
A review framework composed of multiple research methods is developed and
applied to yield a broad coverage of E-health research. We explore the distribution
of E-health hot topics and probe the research frontier by bibliometric methods. The
evolution of different topics is evaluated and some research directions are proposed.

2. Methods and tools
2.1 Data source

Web of Science core collection is used as data sources. We summarized the scope
of E-health, and developed the following search query according to the results of
literature research (Table 1). We selected the search term to retrieve all relevant
literatures for 15 years, and 6371 documents were retrieved in total.

Search query Number
of hits

WOS #1 TS = (Clinical decision support system) OR TS = (Health informatics) OR 23,184
TS = (Medical research using grids) OR TS = (healthcare information

systems)
#2 TS = (Clinical Informatics) AND #1 2209
#3 TS = ((electronic health record) or EHR or cpoe or (computerized 18,034

physician order entry) or e-prescribing)

#4 TS = (CONSUMER HEALTH INFORMATICS) 409

#5 TS = ((health knowledge management) or (decision aids for patients) or 17,993
(virtual healthcare teams))

#6 TS = (telemedicine or mhealth or m-health or wireless networks or (vr 206,209
technology) or cloud-computing or (self-monitoring healthcare devices)
or (health surveillance systems) or (e-mental health))

#7 TS = cyber medicine 26

#8 TI = (ehealth or (e-health) or (E-Health) or EHealth or EHEALTH or 9484
E-HEALTH or (electronic health))

#9 TI = health and (big data) 283

#10 TS = health and (big data) 3558
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Search query Number
of hits
#11 #9 and #10 283
#12 #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1 241,715
#13 #12 or #11 and #8 8172
PubMed #1 (((ehealth OR (e-health) OR (e-health) OR ehealth OR ehealth OR e- 41,073

health OR (electronic health)) title/abstract)) AND ((((((((((Clinical
decision support system[Title/Abstract]) OR Health informatics[Title/
Abstract]) OR Medical research using grids[Title/Abstract]) OR
healthcare information systems[Title/Abstract])) OR ((Clinical
Informatics[Title/Abstract]) AND ((((Clinical decision support system
[Title/Abstract]) OR Health informatics[Title/Abstract]) OR Medical
research using grids[Title/Abstract]) OR healthcare information systems
[Title/Abstract]))) OR ((clinical informatics) AND ((((Clinical decision
support system[Title/Abstract]) OR Health informatics[Title/Abstract])
OR Medical research using grids[Title/Abstract]) OR healthcare
information systems[Title/Abstract]))) OR (((electronic health record
[Title/Abstract]) OR cpoe[Title/ Abstract]) OR e-prescribing|[Title/
Abstract])) OR CONSUMER HEALTH INFORMATICS[Title/Abstract])
OR ((((health knowledge management[Title/Abstract]) OR decision aids
for patients[Title/Abstract]) OR virtual healthcare teams[Title/
Abstract])) OR ((telemedicine OR health OR m-health OR wireless
networks OR (vr technology) OR cloud-computing OR (self-monitoring
healthcare devices) OR (health surveillance systems) OR (e-mental
health)) title/abstract))

Table 1.
Search query for this study.

2.2 Methods and tools

Information visualization is an analytical method which can realize the interac-
tive visualization analysis on abstract data and enhance people’s perception of the
abstract information [30]. To some extent, information visualization offers a quick
independent, scientific judgment of the objective evidences [31]. CiteSpace,
UCINET, Pajek, His cite, and Ref Viez 3 are software that researchers used mostly
to do information visualization analysis, among which CiteSpace is the most popu-
lar one [32, 33]. CiteSpace, a Java-based application developed by Chaomei Chen
professor who is a Changjiang Scholar from Dalian University of Technology, can
display the abstracted data in the visual form and facilitates further data analysis,
rule discovery, and decision-making. It is easy to use and its visualization results are
excellent. In this paper, we determined the discipline layout and hot spots about
E-health in a specific period based on SCI and CiteSpace.

3. Results
3.1 Brief descriptions of E-health development
3.1.1 Number of articles published
As Figure 2 shows, the histogram denoted quantity of E-health research, and the

line chart shows the literature accounted to the total each year. In general, the
quantity of the published literature showed an increasing trend with the average
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Figure 2.
The number of articles published each year.

annual growth rate of 29.93% from 2001 to 2016. In detail, we saw two inflection
points in 2005 and 2010. Considering the quantity and proportion trend of the
literature, we divided the whole research time into three parts which are listed as
2001-2005, 2006-2010, and 2011-2016.

Reasons for the above trend have two aspects. First, they are associated with
some pivotal view point. Eysenbach, G and WEBB, TL published their important
literature in 2005 and 2010. They are both authorities in E-health research [7, 34].
Therefore, the quantity of published literature began to rise in these years. Second,
developing technology and government attaching importance to medical research
contributed a lot. The development of E-health depended on science and technology
progress. Many governments have different preferential policies for health science
research and Internet communication techniques which promoted E-health research.

3.1.2 Country analysis

Figure 3 shows the published number of key nodes and the influence degree of
relevant researchers concretely. Centrality is an index used to measure the

Figure 3.
Visualization map of countries.
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Frequency Centrality Country Rank
1158 0.28 USA 1
486 0.17 England 2
480 0.15 Australia 3
434 0.16 Canada 4
430 0.08 Netherlands 5
415 0.11 Germany 6
323 0.1 Spain 7
273 0.04 Italy 8
195 0.02 Austria 9
180 0.12 France 10
161 0.05 Sweden 11
154 0.01 People’s of Republic China 12
143 0.08 Switzerland 13
Table 2.

High-frequency countries.

importance of a node in the whole network. It is more likely that the node is the key
point in the network if the centrality is big. As shown in Table 2, USA’s published
quantity was the most in the top 13 countries. In detail, America published 1158
papers, which accounted for one-fifth of all literature from 2001 to 2016, whereas
China was in the twelfth place. China published 154 papers, accounting for only
2.6%. Above countries had the centrality from 2002 to 2004, among which the USA
have had it earlier in 2002 and CHINA in 2004. As for the centrality value, the USA,
England, and Australia were the top three, and their researchers had a major influ-
ence on the field of E-health at the same time. Besides, the influence of China is
quite weak because of its low-value centrality.

3.1.3 Research directions

Every article has multiple research directions, but after statistically ranking, the
top 10 directions were: healthcare science and service, computer science, medical
informatics, engineering, public environmental occupational health, telecommuni-
cations, psychology, general internal medicine, and information science library
science. In addition, these articles also involve some elements of clinical areas such
as nursing, cancer treatment, pharmacy, and science and technology development
(Table 3). The top four research directions are healthcare science and services,
computer science, medical informatics, and engineering, accounting for more than
100%, which means all the literature is concerned with the four research directions,
so it is suggested that these four research directions are the theoretical basis of E-
health research.

3.1.4 Authorship analysis
As for the publishing frequency of authors, their publishing situation was the

same as the regarding countries’. We try to strengthen the cooperation between
authors to serve the E-health and those producing more relevant output. As shown
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Research directions Frequency Rank
Healthcare science and service 1919 1
Computer science 1904 2
Medical informatics 1439 3
Engineering 1095 4
Telecommunications 411 5
Public environmental occupational health 367 6
Psychology 242 7
General internal medicine 213 8
Information science library science 183 9
Nursing 149 10
Table 3.

Research directions.

in Figure 4 and Table 4, the top five authors did not cooperate with others directly.
It indicated that they focused on different topics and all of them were leaders in
their research directions. Bernd Blobel was the top and he published 35 papers. He
works at University Hospital Regensburg. By studying the privacy and security of
some E-health system, he could analyze and design of advanced health systems
properly [35-37]. Gunter Schreier concerns that using mobile devices or communi-
cation technologies provide huge opportunities for home monitoring applications
[38]. He found that different types of data acquisition technologies have an impor-
tant effect on patients’ willingness to participate in telehealth programs in the long
term [39]. JJPC Rodrigues works at the University of Beira Interior. He mainly
studied the application effect of different kinds of wireless sensor networks in the

Schraler G

Blobel B

Rodrigues JJPC

Figure 4.
Visualization map of authors.
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Authors Frequency Rank

Blobel B 35 1

Schreier G 33 2

Rodrigues JJPC 29 3

Gustafson DH 28 4

Eysenbach G 22 5
Table 4.

High-frequency authors.

medical field. In the last 15 years, he proposed some network solutions, such as IP-
based wireless sensor network, biofeedback data visualization for body sensor net-
works, real-time query processing optimization for wireless sensor network, and so
on [40-42]. Gustafson typical papers are concerned with the research around con-
sumer health informatics which influence on how patients or potential patients get
health knowledge they need [43]. As for Eysenbach, he is the founder of E-health
field, and he proposed the concept of E-health in 2002. In the subsequent time, he
researched on the quality of electronic health information, Internet access to health
information, and evaluation of E-health-related program [44-46]. According to
the number of citations, Eysenbach is one of the most important core authors in
E-health research. The focus of these five authors is not the same, but from the
visualization map, their research direction all represents hot spots in this period.

3.2 Research focus analysis and frontier analysis in E-health research
3.2.1 Research focus analysis

Research hot spots are issues or special directions studied by lots of people in
recent years. Keywords, a highly generalized summary, and important index of
papers are the core of academic papers. Therefore, we could get the research hot
spots and the main subjects of one study area by analyzing the change trend and
characteristic of the keyword frequency (Figure 5).

Due to the function of CiteSpace, the bigger the size of node is, the more
important the node in the visualization map is. It is obvious that some keywords
[Internet, telemedicine (m-health), technology, randomized controlled trial, man-
agement, and system] have a quite bigger size than others. Besides, considering that
our research topic belongs to medical study, we could speculate that telemedicine,
randomized controlled trial, health system, health management, and applying
Internet-related technology in medical field have become the research hot spots and
the main subjects in the study of most scholars from 2001 to 2016.

Seeing from the frequency of keywords, we can broadly divide the E-health
research into several main subjects. “Internet technology” is the first one, which is
the combination of “Internet” and “technology.” E-health is the ICT in the field of
healthcare, so the Internet technology development is driving force of E-health [17].
“Telemedicine,” the second subject, appeared 618. It refers to the provision of
remote clinical services via real-time two-way communication between the patient
and the healthcare provider by using electronic audio and visual means.
“Telehealth,” “m-health,” and “communication” belong to it, which mainly concern
on whether telemedicine or m-health could help improve the efficiency of individ-
ual access to medical services to solve the existing problems [47, 48]. “Randomized
controlled trial,” the third one, is research method and one kind of intervention.
These clusters concentrate on proving the advantages and disadvantages of E-health
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Figure 5.
Visualization of hot topics in 2001—2016.

programs. Fourthly, papers researching “healthcare field” focus on E-health appli-
cation like electronic health record and attributes such as security, privacy, and
interoperability [49]. With the promotion of information network technology
development, the main task of the next phase is how to ensure the efficiency of E-
health system data storage security, transmission, ease of use, and privacy protec-
tion. “Health management,” the fifth one, is an abstract conception. Any keywords
associated with management can be divided into this class such as self-
management, adherence, and mental health management [17, 50, 51].

3.2.2 Visualization of hot topics evolution

To explore the degree of concern of the international E-health research, we
divided it into three periods: from 2001 to 2005, 2006 to 2010, and 2011 to 2016.
The frequency of keywords has been counted as shown in Table 5. Similar to the
above method, we get the visualization maps of keywords in different times, as
shown in Figures 6-8.

In Atlas of visualization, the three stages of topics evolution show a gradual
trend of convergence. In 2001-2005, the link intensity among high-frequency key-
words was low. The study of E-health was at an exploratory stage, and research
direction is scattered as scholars had not yet formed a complete theoretical system.
With the emergence of E-health concepts raising academic great interest, scholars
considered using network communication technology can greatly improve the
quality of medical service and reduce healthcare costs. However, they also doubted
whether it determined the actual role, which focused them on the theoretical
exploration and the possibility of assessment of E-health [45, 52-54]. In 2006-2010,
with the Internet explosively developing and governments attaching more impor-
tance to E-health gradually, some medical items based on network technology
entered the implementation phase. Scholars tried to evaluate implementation of
these projects from visual map aspects. The formation of E-health research proto-
type has an important connection with the Internet, telemedicine, and care.
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2001-2005 2006-2010 2011-2016
Keywords Frequency Keywords Frequency Keywords Frequency
Telemedicine 39 Telemedicine 163 Internet 440
Internet 37 Internet 151 Care 416
Information 20 Care 92 Telemedicine 416
System 18 Information 73 Randomized controlled 323
trial
Care 16 System 71 Intervention 281
Health information 10 Telehealth 59 Technology 278
Quality 10 Quality 51 M-health 251
Education 9 Technology 48 System 247
Information 8 Health 47 Telehealth 213
technology
Management 7 Healthcare 47 Health 204
Table 5.

Frequency of keywords in different periods.
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Figure 6.
Visualization of hot topics in 2001-2005.

Scholars thought that the core was the Internet, telemedicine, and care. This pro-
vided a point of reference standard for future research directions and reduced
misuse and abuse of the concept [44, 55-58]. In 2011-2016, visual maps showed that
the core keywords were still the Internet, telemedicine, and care. The map of
central tendency is obvious but there had been significant changes. M-health, sys-
tem management, and randomized controlled trial suddenly broke out, which
respectively reflected three characteristics of E-health research: mobile, systematic,
and precision. The popularity of mobile and wearable devices greatly accelerated
the development process of E-health. Systematic management of the healthcare
system can effectively improve the quality of medical services. Precision means
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Figure 8.
Visualization of hot topics in 2011—2016.

researchers used random control experiments and other scientific methods to assess
E-health to obtain scientific outputs [59, 60]. In addition, the keyword “big data”
began to appear in the knowledge map, indicating that scholars began to study the
application of health data technology to promote E-health-related research projects.
Application of big data technology can help solve the problem that medical field
data volume, various, and grows rapidly to deal with.
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The evolution of topics in Figures 6-8 and Table 5 can be divided into several
classes: continuous topics, emerging topics, and disappearing topics.

Continuous topics: telemedicine, Internet technology, and care are continuous
academic focus of research topics. From the point of view of clusters each year,
telemedicine, Internet technology, and care focus on different research topics in the
last decade. The main direction of telemedicine research is to determine the initial
authoritative definition and unify communication standard [61].The aim of mid-
term is to assess the effect of the recent literature, and the aim of recent time is to
review telemedicine research from the perspective of human society. Internet tech-
nology which functioned as support of the development of E-health technology in
recent years has undergone tremendous changes. Scholars began to explore the
possibility of using a network to pass health information, using network storage to
transfer data, and analyzing the advantages and disadvantages of doing so. Then,
they gradually changed to focus on the user network information literacy and
healthy relationship, which pointed out that information literacy is to enhance
users’ ability to understand E-health for further development [62]. Electronic
health records are the most direct and most important solutions for problems such
as how to build a unified specification and how to help different medical workers
when they cannot communicate directly. Research focus gradually changed the use
of electronic health record information, medical research, and health information so
that they maximize the effectiveness of change.

Emerging topics, including health technology, information literacy, and cloud
computing, have developed rapidly in a few years. Relatively speaking, mobile
health technology and information literacy were at the heart of co-occurrence
analysis in recent years. Improvements of the Internet and other information tech-
nologies and increasing researchers’ knowledge promote the application of E-
health. Earlier E-health applications and services are based on computer terminals,
but portable monitor cannot do that with the advances in mobile technology in
recent years. Thus, the use of mobile devices in health and disease management or
monitoring the user’s health condition has attracted great concern [63]. In previous
studies, researchers found that different users get different abilities to accept the
electronic health information, which has significant impact on the development
of E-health. Therefore, some scholars have done some research in information
literacy [64].

Cloud computing is an emerging technology based on Internet computing in
which shared resources are provided on the Internet to other users on demand.
Basically, cloud is a synonym for the Internet and composed of clusters of

Frequency Burst Author Year Title Journal source
17 9.52 van 2011 “A holistic framework to improve the uptake  Journal of
Gemert- and impact of eHealth technologies” Medical
Pijnen Internet
JEWC Research
15 9.40 DonkinL 2011 “A systematic review of the impact of Journal of
adherence on the effectiveness of e- Medical
therapies” Internet
Research
20 8.42  MairFS 2012 “Factors that promote or inhibit the Patient
implementation of E-health system: an Education and
explanatory systematic review” Counseling
Table 6.

Document bursting information.

78



Detection and Characterization of E-Health Research: A Bibliometrics (2001—2016)
DOI: http://dx.doi.org/10.5772 /intechopen.88610

computers working upon distributed systems that provide service in real time over
a network. Cloud computing is massively scalable which provides a superior user
experience and is characterized by new Internet-driven economics [65]. Once
established a unified exchange standard is used to do real-time exchange; the
amount of data analyzer will face is enormous, so using cloud computing technolo-
gies to process these data would be a satisfactory solution.

Nonetheless, studies regarding information security, privacy, and IT policies had
decreased gradually in these three periods.

3.3 Research frontier analysis

The concept of research frontier was introduced by Price. It is used to describe a
trend in the field of research. Price uses his own definition of indicators and watches
the trends of the article citations according to these indicators [66]. Research fron-
tier is a dynamic concept. The cited articles containing the contents of research
front are the knowledge base, and research front is based on these articles. Emer-
gence refers to the rate of change of cited frequency, which can be considered that
the content of some emergent literature is discussed form research frontiers. To
detect research frontier, we need to analyze the content of citing articles, burst
words, and burst literature. CiteSpace provide us a method—Citing articles Cluster,
which is the base of identifying clustering-edge [67]. By doing content analysis and
clustering, according to Visual analysis results CiteSpace outputted, we can deter-
mine the forefront of research in the field of E-health research.

We do co-citation network process, get burst information of literature, and use
the burstness at the right of the software to view the strength of emergent literature
and emergent time distribution (Figure 9).

The first column in Figure 6 indicates cited emergent literature and strength,
representing emergent index. The higher the index is, the more focused cited
literature is. The right place in the figure indicates the time literature emergence.
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Figure 9.

Document co-citation bursting statistical chart.
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The red part of the document is the period when cited rate raised most rapidly. At
this stage, literature based on these knowledge bases is a research frontier. Drawing
keywords co-occurrence network map combined with these citing articles can help
identify research frontier.

Figure 8 shows the results of literature whose mutation time has been covered at
least in the past 3 years and three documents were chosen which have the highest
intensity of mutation (Table 6). Then we retrieved Web of Science for citing
articles and conducted keyword cluster analysis and word frequency statistics.
Combined with automatic identification function, we drew a cluster map of article
citations, interpreted three key documents’ citing document clustering and word
frequency comprehensively, and did qualitative analysis of E-health academic field
frontier research.

“A holistic framework to improve the uptake and impact of E-health technolo-
gies” is an article published by van Gemert-Pijinen Pewc in 2011. He found that a lot
of E-health technologies were not appropriate for health services, the effect of
which did not match people’s expectation. After careful study, he believed that it
was because developers ignored the dependencies among technologies, human
characteristics, and environmental impact. Thus, he proposed a frame based on
many scholars’ studies to improve the quality of health services. Under such unity
frame’s guidance, E-health technology can be combined with the health sector
better, but it needs more empirical support [18].

Based on high-frequency statistics and keyword co-occurrence cluster time-zone
views (Figure 10), we can find high-frequency keywords including “intervention,”
“randomized controlled trial,” “technology,” “framework,” “physical activity,” and
“self-management.” Researchers use different research methods to compare the
actual effects of E-health and then make reasonable predictions about the future of
these applications, such as Van's framework [8]. Then the cost of applying emerg-
ing technologies in the medical field is reduced. Using a reasonable evaluation
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Keyword-based clustering co-occurrence patterns.
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framework to study the cost-benefit of Internet technology in the medical field has
become a trend in the future.

Emergent literature of the cluster is “A systematic review of the impact of
adherence on the effectiveness of e-therapies.” This article reviewed the develop-
ment of electronic treatment and the impact patient compliance has on treatment
effect. It assessed factors that affect patient compliance and listed ways to improve
electronic treatment and then concluded that electronic treatment was lacking in
effective treatment of electronic protocols. Due to remote treatment, the patient
was easier to be influenced by external factors. Further studies are needed to
establish consensus compliance measurement program and understand the factors
affected by compliance.

According to the high-frequency keywords and keyword co-occurrence cluster-
ing results (Figure 11), we can find high-frequency keywords named “randomized
controlled trial,” “adherence,” “Internet,” “depression,” “intervention,” “mental
health,” and “stress management.” Scholars have studied methods to enhance
patient attachment and loyalty to E-health technologies, including the use of net-
work health technologies and mobile technology to manage the patient’s physical
and mental health, by increasing the degree of interaction between patients and
electronic health technology to improve the patient’s sense of e-therapy. In other
words, making patients trust in e-therapy is a problem that needed to be solved.

“Factors that promote or inhibit the implementation of E-health system: an
explanatory systematic review” is an article aimed to review the literature on the
implementation of E-health to identify barriers and facilitators to E-health imple-
mentation and outstanding gaps in research on the subject. Mair published this
review, and he found some interesting results: (1) work directed at making sense of
E-health systems, specifying their purposes and benefits, establishing their value to
users, and planning their implementation, (2) factors promoting or inhibiting
engagement and participation, (3) effects on roles and responsibilities, (4) risk
management, and (5) ways in which implementation processes might be
reconfigured by user-produced knowledge [68]. He thought the published literature
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Keyword-based clustering co-occurrence patterns.

81



Scientometrics Recent Advances

i v
tebafiBaith ¥
-
pechifiiges preaRpony
Eafgilics  2dag@ior
ez nealgrBatih 1 il
health-car &gy DR s,
ersoat o
pStemMls niEs
dilfiagh -
o techilgin Y
quatititggifescarch 1 ! Pl [rdormaion-1eshnodagy
incerilitions + implementation &
- 5}""5 infarrnatii Fystems
& e
!'nanagqrner\!
InformatioiMechnoiogy . in*::_ (AR o T ———
normalization process theory . Ll
rimdiy-care
deprusian P o perspRctives
PrirmAi care
mes placiiare: TlEals recards
framifwerk. 9 innginer

randomized @@ntrolled-trial

Figure 12.
Keyword-based clustering co-occurrence patterns.

focused on organizational issues and neglected the wider social framework which
must be considered when introducing modern technologies.

Implementation, system, healthcare, normalization process theory, qualitative
research, meaningful use, and impact are high-frequency keywords. The scholars
who cite the article are concerned about the role and responsibility of electronic
health in the medical process, risk management, ways to engage with professions,
and how to ensure the potential benefits of new technologies (Figure 12). Mcevoy
Rachel studies using the normalization process theory to research implementation
process [69]. Deborah studies the role of digital technologies in self-management
[70]. Jane does an organizational analysis of the implementation of telehealth in
view of whole systems [71]. Scholars are also concerned about factors having impact
on E-health applications, whether they are positive factors or obstacles [72-74].
With the increase of E-health project numbers, these areas deserved more empirical
investigation and have been research frontiers, such as the ways to identify and
anticipate how E-health services will impact everyday clinical practice, how new E-
health services will affect clinical interactions and performance of clinical work, and
the effects of different methods of engaging with professionals before and during
the implementation of E-health.

3.4 Themes that develop quickly and need to be focused

Combined with literature review, among the research frontiers, E-health busi-
ness is the core which is based on other articles concerned on commercialization of
E-health which is experiencing explosive growth. As it goes, scholars proposed a lot
of interesting and innovative project, attracting attention from the government and
some companies. It seems that E-health is more cost-effective, efficient, and more
convenient, which will substitute the face-to-face treatment in the future. However,
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although many of us think E-health is better than traditional treatment methods,
governments operating E-health system decreased in number [75]. In view of that,
we seek evidence that could help us find the reason. Since research about E-health
has come into a new stage, technologies have already reached the demand, and
governments are also positive that designing a complete E-health system is a top
priority. Unfortunately, no one has satisfied the requirement [76]. A sustainable
system need to be operated for a long time, so we need to take cost and profit into
consideration. But we found that most of the research or surveys neglected these
and they just concentrated on realizing E-health system [77-79]. On this occasion,
how to reduce cost and profit will be the center of most scholars’study.

4, Discussion and conclusion

The E-health has been one of continued research focuses on the study of many
academics, and the majority of scholars tended to publish papers to show their
achievements. Annually published papers have reached 900 in 2015 and 2016,
which is a pretty substantial number.

There was a gap between China and some developed countries in the researches
of E-health. For instance, the USA, the UK, and Australia were the top three
countries that published many articles. The impact of the UK was bigger than the
USA according to the centrality index. The published quantity of references in
China was not up to 1/6 of the USA and 1/3 of the UK. The time when China became
to have centrality was 2004 which was later than most developed countries.

There were many institutions and authors working on this field. Among them,
the number of authors who published at least one paper was 3770. On the one hand,
it indicated that many scholars paid attention to E-health research from 2001 to
2016. On the other hand, there was great potential to improve the cooperation of
authors, because the present relationships were not close which was revealed from
the visualization map. Therefore, it is important to improve the allocation ability of
resources and form cooperation network, so that we can deepen and improve the
development of E-health.

Global E-health research focused on five topics (“Internet technology,” “tele-
medicine,” “E-health intervention on healthcare,” “health system,” and “personal
health management”). With the development of information technology, E-health
has been absorbing and applying emerging information technologies and applica-
tions. Among them, the application of the sophisticated cloud computing technol-
ogy and big data are typical examples. Cloud computing is an emerging technology
for Internet and composed of cluster of computers working upon distributed system
that provide service in real time over a network. According to the definition by
NIST, cloud computing is “a model that can provide distributed, rapidly provi-
sioned and configurable computing resources” [78, 79]. Big Data in healthcare is
concerned with meaningful datasets that are too large, too fast, and too complex for
healthcare providers to process and interpret with existing tools. The application of
big data technology can help solve the problem that medical field data is volume,
various, and it grows too rapidly to deal with.

In addition, E-health has been a research focus of many counties over the world
early in the twenty-first century. In detail, Internet, telemedicine, and health care
became the focus in 2006. However, m-health, system management, and experi-
mental intervention began to form the new study hot-spots, especially the com-
mercialization of E-health from 2011. Therefore, scholars tended to set up a new
E-health system so that we can improve the efficiency of health care and monitor
people’s health level in the distance and profit by developing E-health business.

» <«

83



Scientometrics Recent Advances

This book chapter provides a reference for scholars working on this field and
lays a foundation for further research on health IT policy.

5. Limitations

Although findings are based on the above analysis, there are still several
potential limitations that may encourage further research efforts. First, this study
only focuses on literature indexed by WoS and PubMed. Although WoS emphases
paper quality to ensure accurate and meaningful data, it leads to some articles

related to E-health not being covered. These will have some impact on the accuracy
of research output on E-health.
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Chapter 5

Contrasting High Scientific
Production with Low International
Collaboration and Scientific
Impact: The Brazilian Case

Cristina Haeffner, Sonia Regina Zanotto, Helena B. Nader
and Jovge Almeida Guimardes

Abstract

The article presents an analysis of scientific production and impact among 35
most productive countries in the world. In the period 2000-2016, these countries
produced 92% of the world publications. A correlation of international collabora-
tion and scientific impact is shown. Differently from this pattern, Brazil shows high
quantitative performance but low scientific impact, which is attributed to its low
level of international collaboration. By contrast, instead of a generalized coopera-
tion, as many undeveloped countries do, Brazil uses its internal effort to explore
cooperation in a more symmetrical manner. Thus, in several areas, Brazil occupies
a prominent position, including technological sectors, enabling it to occupy the
eighth world’s economy position. The data confirm that an efficient internal sci-
entific effort combined with well-balanced international cooperation can be more
effective to enable countries to achieve higher levels of development in order to
meet their technical and socioeconomic challenges. Brazil was able to reach the first
step but did not follow the same track concerning higher scientific impact.

Keywords: scientometric analysis, international scientific collaboration, impact,
BRICS, Latin American countries

1. Introduction

Collaboration is irreversibly present in scientific practice. The idea that collabo-
ration contributes to increase scientific productivity has already been addressed at
national and international levels. It can be said that collaboration is a phenomenon
accepted by the scientific community and stimulated by development agencies, as
emphasized by Katz and Martin [1]. In fact, international scientific collaboration
network has been growing even fast in recent years [2, 3]. This practice occurs in the
social context of individual behavior, and it is, therefore, a complex phenomenon
defined as the interaction between two or more groups of scientists, which provides
the sharing of activities in the sense of achieving common goals [4].

Scientific collaboration can also show negative aspects when, for instance,
collaboration occurs among researchers in an unethical manner as for the case of
animals and even human tests made in less developed countries, since this type
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of experiment is prohibited in advanced countries. Collaboration can also exert

a “lobbying” power by influencing political decisions for the release of funds,
benefiting only some groups to the detriment of others working on the same theme
[4]. The author emphasizes, however, that the final stage of a successful collabora-
tion is co-authoring articles, because the dissemination of results through scientific
publication is, in fact, the traditional result of research. Furthermore, international
collaboration feeds other studies and new projects, which strengthen scientific
communities. In addition, the publication is a proof of the good utilization of the
financial resources used in research that generate new knowledge.

The productivity of Brazilian science, including aspects of international scien-
tific collaboration, has been studied by several authors. Some years ago, Leta and
Chaimovich [5] carried out a study on the size of Brazilian production in relation
to the rest of the world, covering the period 1981-2000. The researchers showed
that in the period studied, the countries that had more scientific collaboration with
Brazil were from Europe and North America. While, with the United States, such
collaboration reached 40.5%, the number of collaborative publications with Latin
American countries represented less than 10%. The data indicate, for that time, the
trend that in developing countries, collaboration tended to be more intense with
more developed countries. It was also clear that international collaboration ben-
efited the production and visibility of publications from lesser developed countries.
Glinzel and Schubert [6] revealed some facets of scientific collaboration including
Brazilian data. According to the authors, collaboration in domestic co-authorship
is clearly influenced by two factors: (i) the size of the scientific community in the
country (evidenced in the scientific production of the United States and the United
Kingdom), since in these countries it is easier for a researcher to find scientific
partners than for researchers working in a small country, and (ii) cultural reasons,
such as geography, language, politics, or comparative advantage. However, the
authors point out some situations which are not included in these rules, as is the
case in some typically international countries that conduct research with high level
of scientific domesticity (such as Hungary in agriculture and environment or the
Czech Republic in neuroscience and behavior). Conversely, there are other cases
where a large country is low in scientific domesticity (e.g., China in the areas of
agriculture and the environment) [6].

Other aspects of scientific collaboration raised by Vanz [7] and Vanz and Stumpf
[8] show that in Brazilian research, as in other countries, collaboration promotes
access to equipment and materials, allowing sharing of scientific knowledge and
greater specialization of research groups. In addition, they affirm that the results
of a published work in co-authorship are more likely to be accepted and obtain a
greater number of citations when compared to works published individually. The
authors also point out that good communication between researchers, sharing of
social skills, and the ability to conduct teamwork are fundamental characteristics
for the success of scientific collaboration, especially when it involves geographical
distances and needs of a better understanding of concepts and methodologies and
when collaboration involves researchers from different areas [8]. Santin, Vanz, and
Stumpf [9] point out the predominance of bilateral collaboration in the Brazilian
production of articles in Evolutionary Biology published in the period 2004-2006.
Though using old data, it should be noted that the authors selected one of the few
areas in which Brazil has the highest index of international collaboration. As a
fairly new area in the world scientific scenario, Evolutionary Biology attracts a high
level of international cooperative research. In this specific case, most of the articles
resulting from Brazilian researchers had the participation of co-authors from some
other countries. The authors point out that 47% of the Brazilian publications in this
field included researchers from the United States, United Kingdom, France, and
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Germany, while only 5% were from Argentina. The data indicate the preference for
international collaboration with developed countries, thus not only confirming the
findings shown by Leta and Chaimovich [5] but also revealing that collaboration
with neighboring countries, such as Argentina, is practically negligible.

The above studies do not include cases of “naturally forced” cooperation driven
by the necessity to enable mutual technological advances between more developed
countries and even competitors in the field of innovation. Furthermore, the issue of
international collaboration has not been addressed for other factors exerting attrac-
tion for collaboration. For example, in Brazil, the possibility of making domestic
science is more visible, such as in the areas of biodiversity and tropical medicine,
agriculture, biotechnology, and bioeconomy, which are research fields with a strong
attractiveness for international collaborators. Contrarily, in this sense, Brazil is
a typical case where Brazilian scientists cite more than they are cited. In fact, the
feature of low quotation between peers seems to permeate and constitutes a chal-
lenge for scientists not only in Brazil but throughout Latin America since long ago
[10], which is still a reality today.

A comparison of the production and scientific collaboration of the countries of
the BRICS group was made by Finardi [11] and Finardi and Buratti [12]. The studies
highlighted the importance of international collaboration in the scientific produc-
tion of these countries. The authors emphasize that the relationship between coun-
tries is strengthened not only in economic aspects but also in relation to the scientific
partnerships. They firstly analyzed the intra-BRICS collaboration and compared the
relative strength of relations between the member countries. Secondly, the authors
sought to understand the pattern of collaboration of the BRICS countries in relation
to that with other collaborative countries, regardless of the direction of the partner-
ships. The data showed that the intra-BRICS collaborations are weaker than the
collaborations with the other countries studied. The results indicate that it would
be relevant to plan policies aimed at promoting scientific collaboration among the
five countries, such as fostering scientific research, and this is generally considered a
strategic measure for a country’s growth. Therefore, improving the level of collabo-
ration among the five BRICS countries could make it possible to have positive effects
on the social and economic development as desired by developing countries.

The finding that intra-BRICS collaboration, that is, collaboration between Brazil,
Russia, India, China, and South Africa, has been shown to be weaker than with
the rest of the world was also studied by Bouabid, Paul-Hus, and Lariviere [3]. The
authors studied the productivity evolution of the G7 member countries, formed by
the United States, Germany, Canada, France, Italy, Japan, and United Kingdom,
in relation to BRICS member countries. They compared production and scientific
collaboration in fields employing high technologies such as engineering, medical
sciences, earth sciences, and space sciences and found that the scientific activities of
BRICS are reinforced by high-technology exports upon their collaboration with the
G7 countries. While the high-technology exports made by most BRICS countries to
the G7 countries increased over the period studied, compared to the flow of these
exports among the BRICS countries, these collaborations remained very weak.

By extension, it can be seen that the same phenomenon occurs with the scientific
collaboration between the countries of Latin America. In other words, the scientific
collaboration continues to be lower than the rates of collaboration with the most
productive central countries. A study about collaboration and scientific impact of
Latin American countries in the area of biotechnology found that the increase in
research in this sector originates from international collaboration, especially with the
more developed countries, those occupying the influential positions in the area, such
as the United States, Japan, Germany, England, Spain, and France [13].

The authors emphasize that, in a network of scientific collaboration, it is not only
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important to have a good production and impact but to have the capacity to become

a mediator or link in establishing collaboration between the countries participating
in the productive research network. In this way, the research groups from the less
developed countries that make this communication bridge increase their capacities
to absorb resources have access to new technologies and resources at high-technology
laboratories, thus increasing the quality of their results. The observations derived
from the studies with BRICS and Latin American countries were confirmed in our
work with actualized data showing, once again, that either for historical, cultural, or
economic reasons, scientific collaboration and consequently the development of the
member countries of these groups will not occur as a result of intragroup collabora-
tion, but instead, mainly with the most productive countries. Furthermore, despite
the recognized advantages of international cooperation, we have shown in a previous
article [14] that countries that have not prepared themselves to exploit the opportu-
nities offered by international collaboration do not internalize these advantages for
their own best technical-scientific and economic benefit.

As compared to previous studies, in the present work, we explore several new
aspects, including (i) a much longer and recent studied period, (ii) the evolution of
Brazilian scientific productivity and of its most significant areas, (iii) correlation
between the number of graduate programs and the number of research groups, and
(iv) correlation between international collaboration and citation impact of the 35
countries with high scientific productivity. Thus, the aim of the present work is to
demonstrate the influence of international collaboration on the scientific impact
generated by the citations in four aspects: (a) in the comparison between the 35
most productive countries, a small group of countries (about 17% of the world
countries listed in the ESI database), which includes Brazil, that produce 92% of the
world publications; (b) comparing Brazil with the most productive Latin American
countries; (c) the position of Brazil among the countries of the BRICS group (Brazil,
Russia, India, China, and South Africa), and (d) contrasting Brazil’s low international
cooperation and consequent lower scientific impact with its recognized technologi-
cal performance in several applied fields such as tropical agriculture, technology for
exploiting petroleum resources in deep sea water, woodland recovery of once infertile
land (“cerrados”), cellulose and paper mill industry, sophisticated bank automation,
construction of alcohol-propelled motor vehicles, aircraft design, and industrial
production, among others [15]. The study uses comparative analysis among the most
productive countries. For this purpose, data were collected on the scientific perfor-
mance of the countries in the 22 areas of the Essential Science Indicators (ESI), where
all countries listed in the InCites database (Thomson Reuters 2016) are represented.
It is important to note that the metrics used in InCites, although not frequently used
in Brazil, are widely recognized for comparative studies. According to Bornmann and
Leydesdorf [16] with InCites, it is possible to study the impact and the citation behav-
ior of countries using a time window for a long period of publications, thus allowing
to compare areas with normalized indicators in an efficient manner.

2. Methodology

The article results from a scientometric study through the analyses of bib-
liographic indicators extracted from recognized databases, described below.
International collaboration and other indicators were obtained through the survey of
InCites platform, a fully integrated Web of Science (WoS) database. This analytic tool
is under the responsibility of former Thomson Reuters (now Clarivate Analytics),
Philadelphia/USA, available through institutional subscription and internal access in
the Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES).
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Figure 1.
Brazilian scientific production: accumulated number of articles and citations. Source: InCites dataset updated
2017-10-14. Includes Web of Science content indexed through 2017-10-3.

The InCites Platform is composed of several other databases. In this study, we
selected the Essential Sciences Indicators (ESI), which classifies scientific produc-
tion in 22 areas of knowledge. Bibliographical data in these areas of ESI include
articles and reviews of the Science Citation Index Expanded and the Social Science
Citation Index, but do not include the indexed papers of Arts and Humanities,
Conference Proceedings Citation Index, and Book Citation Index. ESI is part of
the InCites platform and a filter for large areas of knowledge, making it easier to
compare them. Each journal that makes up the ESI database is classified in only
one area, with no overlap of subjects, or double counting of articles between
areas. When the journal is classified as multidisciplinary (as science or nature, for
instance), the system makes a disambiguation of the theme of an article by the
topics of the journals cited in this one, so if the article published in one of these
journals refers to a certain theme, the references will confirm in which of the 22
areas the article in question will be indexed. Except for the accumulated data shown
in Figure 1 and Table 1 where the numbers started in the trimester 1981-1983, the
present study covered a period of 17 years (between 2000 and 2016). The data were
downloaded and worked with Excel listing the following indicators:

1. Articles or documents: Number of published papers, including articles, full
proceeding papers, and reviews.

2. Times cited: Number of citations received during the period.

3.% Documents cited: percentage of cited documents as a fraction of total
documents in the period.

4. Citation impact: Average number of citations received by the publications (or
area) in a given period. It is the result of the division of the total number of
citations by the total number of publications in the period.

5. Impact relative to world (IRW): It concerns to the impact of an area or country rela-
tive to the world’s average impact of that area or the average of all countries together.
An IRW index greater than 1.0 indicates that impact in a specific area or country is
larger than the average impact of all areas together and, in the case of countries, that
the impact of a country is higher than the average of all countries [14].
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6. International collaboration: Number of documents in international
co-authoring.

7.Percentage of international collaboration: Proportion of documents published
in international co-authoring in relation to the total number of publications.

No. Areas 1981-1983 2014-2016 Growth
number
N. IRW  %Doc.in N. IRW % doc.
doc. top 1%  documents doc.in
top 1%
1 Agricultural sciences 700 0.294 0.6 13,181 0.517 0.6 17.8
2 Biology and biochemistry ~ 550  0.724 0.0 7461 0.907 04 126
3 Chemistry 533  0.822 0.4 10,824 1.066 0.1 19.3
4 Clinical medicine 1811  0.344 04 33,287 0.846 11 174
5 Computer science 43 0.866 0.0 3169 0.581 0.5 727
6 Economics and business 42 1.155 0.0 1154 0.402 0.7 26.5
7 Engineering 189  0.589 0.5 7562 0.777 0.5 39.0
8 Environment/ecology 91 0.748 0.0 5804 1.152 13 62.8
9 Geosciences 185  0.905 0.5 2961 0.916 0.6 15.0
10 Immunology 86 1.680 0.0 3772 1.204 12 429
11 Materials science 38 0.475 26 4697 0.826 0.2 1226
12 Mathematics 241 0.993 12 3179 0.398 04 12.2
13 Microbiology 82 1401 0.0 2913 1.089 0.8 345
14 Molecular biology and 184 0949 0.0 4244 1.105 0.7 221
genetics
15 Multidisciplinary 282 0.066 0.7 232 0.931 13 -0.2
16 Neuroscience and 100 1790 1.0 5400 0.987 0.6 53.0
behavior
17 Pharmacology and 129 1.070 0.0 4990 0.765 0.5 377
toxicology

18 Physics 723 1.210 0.6 8146 1.589 18 10.3
19 Plant and animal science 659  0.530 0.2 17,719 0.534 0.6 259
20 Psychiatry/psychology 115 0.214 0.0 2433 0.866 15 20.2
21 Social sciences, general 363 0.483 14 6837 0.381 0.7 17.8
22 Space science 109 1429 0.0 1493 2.676 34 127
Brazil 7255  0.649 0.4 149,787 0.862 0.8 19.6

Comparison of the two distant triennials: 1981-1983 and 2014-2016. Source: exported date 2017-10-13. InCites
dataset updated 2017-09-23. Includes Web of Science content indexed through 2017-07-31.

Table 1.
Growth of the Brazilian scientific production of all ESI aveas.

3. Results and discussion
Despite its late entry into the world’s science circle, in the last decades, Brazil

has been experiencing extraordinary growth in the production of indexed scientific
articles published in periodicals with international qualification. In the 1960s, the
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average of scientific publications published in periodicals indexed in the database of
the former Institute for Scientific Information (ISI) was 52 scientific articles annu-
ally; in 1970 there were only 64 articles, representing 0.019% of world production,
jumping to 10,555 complete articles in 2001 [17, 18]. At present (2012-2016), Brazil
publishes on average ca. 50,000 articles per year. Figure 1 shows the evolution of
the Brazilian scientific production covering all the 12 trimesters (from 1981 to 1983
up to the present 2014-2016). The data report the accumulated growth of published
articles as well as that of accumulated citations. The amount of documents pub-
lished in the period accounts for a total of 636,000, while that of citations reached
more than 7 million, which indicates an average of 11.1 citations per article (impact)
for the whole period. This manner of representing the mean impact is thought

by the authors to be more adequate than that commonly used (year by year) way
because, as it is well known, citations of recent papers (less than 8-10 years) are
small, resulting in a low index of the impact factor, a common feature applied to all
fields and world science [19].

As seen in Table 1, except for the multidisciplinary field, an expressive growth
is found in all research areas in Brazil. On average, between the first triennial
(1981-1983) and the last one (2014-2016), there was a growth of 20-fold for the
total number of articles, where some areas such as materials science (123-fold),
computer science (73-fold), environment and ecology (63-fold), and neuroscience
and behavior (53-fold) show much higher growth. It is also seen in the table that the
other indicators, the impact relative to world (IRW), increased from 0.65 to 0.86
and the percentage of top 1% articles from 0.4 to 0.8%.

The evolution of Brazilian scientific production occurred within a period
of only 35 years and allowed Brazil to be included, in 2009, among the top 20
scientifically most productive countries. This time period is coincident with that
followed after the foundation of the Ministry of Science and Technology (MCT,
today MCTIC) in 1985. The rapid development of scientific activities in Brazil
was based on the establishment of a vigorous postgraduate program [15], which
began in the late 1960s and resulted in the consolidation of the current 37,640
research groups registered in the country and covering all scientific areas [20].
Figure 2 illustrates the recent growth of the Brazilian graduate programs, and
Figure 3 illustrates the evolution and consolidation of research groups. As it can
be seen, there is a parallelism among the indicators of the three growth curves
covering the period studied. This growth also correlates well with increasing
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Figure 2.

Correlation between the number of graduate programs and the number of research groups in
Brazil—2000-2016. Source: CAPES. Geocapes. http://geocapes.capes.gov.br/geocapes2/ and CNPq (2017).
Estatisticas CNPq. http://estatico.cnpq.br/.
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Correlation between % international collaboration and citation impact of the 35 countries with high scientific
productivity (2000-2016). Source: ESI-InCites dataset updated 2017-04-15. Includes Web of Science content
indexed through 2017-02-03.

funding from the federal agencies CAPES, CNPq, and FINEP and especially
with that of state agencies FAPESP, FAPEMIG, and FAPER] in the period (data
not shown). It was also positively influenced by the availability of The Portal of
Periodicals by CAPES in 2001 [18].

In order to compare Brazil with other countries, in this study we also explore
some characteristics of world scientific production in the period 2000-2016. Table 1
lists the 35 countries with the largest number of articles in WoS, i.e., countries with
a contribution of at least 0.5% of the world production which account for 92.2%
of the world total scientific production in the period (Table 2). Brazil presently
ranks 14th. While the table includes all BRICS countries, from Latin America only
Brazil and Mexico appear. Other quantitative and qualitative bibliometric studies
are also presented in Table 2. In the period 2000-2016, the world scientific produc-
tion reached 26,103,636 articles, while the 35 most productive countries totaled
28,671,597 documents. This quantitative artifact is due to the phenomenon known
as double counting [14, 18], which occurs, in this comparison, whenever the sum
of publications is counted country by country, since articles with co-authorship
including authors from two or more countries are counted at least twice. It was
found in a previous study [14], covering the period 2011-2014, that double count-
ing corresponded, in the period, to 33.1% of world production. Here, double count-
ing of articles reaches 16.1% (Table 2). This discrepancy is due to the coverage for
alonger period of years in the present article, since it is known that the indexes
of international collaboration that affect double counting have been increasing in
recent years. After correction, the total of articles in the 35 countries of Table 1
corresponds, in the period, to 24,055,470 or 92.2% of the world total without
double counting. Therefore, the data indicate that the countries in Table 2,
which represent 17% of world countries, constitute an adequate sample for the
present bibliometric study.

Table 2 also shows a high percentage of cited articles (average of 73.3%), with
small individual variation: 65.9% (Russia) to 79.4% (Finland), all above the world
average 66.5%. These indices are reflected in a high total of citations which in turn
produces an average impact index of 16.3 which is 1.2 times higher than the world
average index (13.5).
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On the other hand, it can be observed in the table that the robust quantita-
tive data of the scientific production of the 35 countries conceal the dispersion of
the most important qualitative components of this ranking: the scientific impact
(Switzerland 22.9, Iran 7.1) and international collaboration (Switzerland, 62.2%,
Turkey, 18.0%), with the average for the 35 countries of 15.3 and 40.8%), respec-
tively, for the two indicators. It should be mentioned that when the data of the most
recent year (2016) is taken, the international cooperation index of Switzerland
increases from 62.2 to 72.1%, Turkey from 18.0 to 21.1%, and the average of the 35
countries from 40.8 to 49.9% (data not shown), thus confirming the recent tendency
for the growth of international collaboration among countries. Analyzing the impact
ranking (numbers in brackets in the column), a different figure is shown where
the first ten countries in number of publications do not appear in a similar position
in the impact ranking. Here, the first seven positions are occupied by Switzerland,
Denmark, the Netherlands, Scotland, Sweden, Finland, and Belgium; none of them
is present in the first quantitative positions, but all of them are showing a high pro-
portion of international collaboration, thus indicating again the correlation—high
international collaboration and higher citation impact—as shown in Figure 3.

Table 3 clearly illustrates the influence of international cooperation on the index
of scientific impact of the countries. Here we can see that the 21 countries with the
highest international collaboration rates (above the average of Table 2, or 40.8%),
varying between 41.3% (Spain) and 62.2% (Switzerland), have an average impact
well above the mean of all countries. In this group, only the United States (25.7%)
and Hong Kong (32.7%) have international cooperation level below average. The
average impact index of the 21 countries in this group is 17.9 and the international
collaboration is 49.2%. On the other hand, among the 14 other countries with the
lowest impact rates, only Mexico has international collaboration above the average
of the 35 countries. In this second group, the average impact index of the 14 coun-
tries is 11.4 and the international collaboration is 28.3%. The indices of the countries
in the first group are, respectively, 57 and 74% higher than those in the second
group, confirming again this positive correlation: high international collaboration,
higher citation impact. Brazil is located in the group of countries that cite more
than they are cited [10]. As with most countries with a low level of international
cooperation, Brazil’s low impact index (9.3), one of the lowest among the 35 most
productive countries, is, in turn, followed by a low percentage (29.3%) of interna-
tional scientific collaboration, also of the lowest in the whole world.

This work also included comparative studies with countries in Latin America,
some of them linked to the MERCOSUL agreement and the component countries
of the BRICS group. Both consort of countries present common commercial and
social interests including the perspective of presenting some level of scientific
collaboration. The comparison of Brazil with other Latin American countries is
shown in Table 4 which presents the data of the scientific production of the 12 most
productive countries of Latin America in the period 2000-2016. This group includes
members of the MERCOSUL: Argentina, Brazil, Chile (associated), Uruguay, and
Venezuela (suspended in 2016). The evolution of the percentage of international col-
laboration in the period studied for the five most productive countries in the region
is shown in Figure 4. Taken in consideration the number of WoS indexed publica-
tions shown in Table 4, it is seen that Brazil alone responds for more than 50% of
publications of the 12 countries. It is also seen that half of these countries produced
in the large period analyzed a small number of publications having all of them a very
high percentage (64.4-86.3%) of international collaboration. The average percent-
age of cited articles in the 12 countries (71.1%) is relatively high compared to the
world, and this high value is in agreement with that of the scientific impact (13.3).
The variation in international collaboration ranged from 29.3 to 86.3%, with a high

103



Scientometrics Recent Advances

More than 41% of international collaboration Less than 41% of international collaboration
N. Country Citation Rank %International Country Citation Rank 9% International
impact collaborations impact collaborations
1 Switzerland 229 1 622 United 19.0 8 25.7
States
2 Denmark 21.2 2 55.6 Hong 17.0 17 32.7
Kong
3 Netherlands 21.2 3 51.0 Japan 14.7 21 237
4 Scotland 20.8 4 436 Greece 135 22 40.3
5 Sweden 20.7 5 54.5 Taiwan 12.0 25 231
6 Finland 199 6 51.2 Korea 111 27 263
7 Belgium 19.2 7 58.8 Mexico 10.7 28 426
8 England 18.7 9 42.0 China 10.1 29 236
9 Israel 184 10 431 Poland 9.9 30 34.8
10 Norway 184 11 54.9 India 9.5 31 209
1 Germany 18.2 12 45.5 Brazil 93 32 29.3
12 France 18.2 13 484 Russia 79 33 331
13 Canada 18.0 14 43.6 Turkey 78 34 18.0
14 Singapore 174 15 51.2 Iran 71 35 214
15 Austria 172 16 572 — — — —
16 Australia 16.3 18 431 — — — —
17 Italy 16.1 19 41.0 — — — —
18 Spain 15.0 20 413 — — — —
19 Portugal 132 23 49.6 — — — —
20 South 12.2 24 48.0 — — — —
Africa
21 Czech 11.9 26 474 — — — —
Republic
Average 179 — 49.2 Average 11.4 — 28.3

Source: ESI-InCites dataset updated 2017-04-15. Includes Web of Science content indexed through 2017-02-03.

Table 3.
Influence of the international collaboration on the scientific impact of countries: 2000—2016.

average rate (61.5%). Brazil, despite its higher production, has the lowest impact

rate (9.3) and international collaboration (29.3%) level. Contrasting with their rate
of publications, the countries with the highest impact rates also present the highest
levels of international collaboration, confirming the observation that there is an
intrinsic relationship between these two indicators. Thus, in comparison with the
most productive Latin American countries, Brazil is behind the other countries of
the group reinforcing the significant observation: greater proportion of international
collaboration, higher index of scientific impact [14].

However, according to recent studies [14, 21], it is doubtful whether the appar-
ently positive data of high scientific impact by itself with low autonomous significant
science production and very high dependence of international collaboration would
be able to give good perspectives for the country’s social and economic development.
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Country Rank Articles Times % Citation  International %
cited Doc. impact collaborations International
cited collaborations
Brazil 1 539,049 4,997,160 69.5 9.3 158,083 29.3
Mexico 2 175,970 1,886,483 69.9 10.7 74,953 426
Argentina 3 133,349 1,611,771 734 121 56,759 426
Chile 4 87,419 1,107,194 719 12.7 49,465 56.6
Colombia 5 42,021 417,829 64.3 9.9 25,034 59.6
Venezuela 6 21,667 239,514 68.2 111 11,064 511
Cuba 7 14,331 145,440 711 10.2 9231 64.4
Peru 8 12,892 181,816 66.6 141 10,246 79.5
Uruguay 9 11,920 158,319 735 133 7997 671
Costa Rica 10 7562 129,555 754 171 5679 751
Ecuador 11 6972 85,375 68.6 123 5841 83.8
Panama 12 4941 132,191 80.6 26.8 4262 86.3
Total and average 1,058,093 11,092,647 711 13.3 418,614 61.5

Source: ESI-InCites dataset updated 2017-04-15. Includes Web of Science content indexed through 2017-02-03.

Table 4.
Productivity ranking of Latin American countries in 2000—2016.
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Figure 4.
International collabovations in scientific publications in Latin American countries in 2000-2016. Source: ESI-
InCites dataset updated 2017-04-15. Includes Web of Science content indexed through 2017-02-03.

In the case of the BRICS countries, South Africa is the country with the highest
international collaboration rate (48.0%) and the country with the highest impact
(12.2) (Table 2). Figure 5 illustrates the recent evolution (2000-2016) of the inter-
national collaboration of the BRICS countries. With the exception of South Africa
that exploits international collaboration at a level similar to the more developed
countries, the other members of the group have much lower rates. Brazil, which has
had an oscillating collaboration rate since the beginning of the period, has resumed
a stronger growth from 2010 onwards, surpassing in 2015 the index of international
cooperation shown by Russia.
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Country Total Collaboration with Brazil Collaboration on
country data from Brazil %
articles Total Collaboration

articles %

Latin American

1 Mexico 175,970 5495 31 1.0

2 Argentina 133,349 9404 71 17

3 Chile 87,419 5007 57 0.9

4 Colombia 42,021 4954 11.8 0.9

5 Venezuela 11,920 1722 14.5 0.3

6 Cuba 12,892 1692 131 0.3

7 Peru 14,331 1651 11.5 0.3

8 Uruguay 21,667 1251 5.8 0.2

9 Costa Rica 6972 1009 14.5 0.2

10 Ecuador 7562 664 8.8 0.1

11 Panama 4941 421 8.5 0.1

BRICS

1 China 2,275,635 5818 03 11

2 Russia 713,637 5401 0.8 1.0

3 India 510,662 4742 0.9 09

4 South 147,248 2737 19 0.5

Africa
Brazil 539,049 — — —

Source: ESI-InCites dataset updated 2017-04-15. Includes Web of Science content indexed through 2017-02-03.

Table 5.

Scientific collaborations of Latin American and BRICS countries with Brazil in 2000-2016.

Based on the set of results shown for the Latin American and BRICS countries,
we analyzed the scientific cooperation of these countries with Brazil. Table 5 shows
the total production data of the Latin American countries and the components of
the BRICS group, the number of joint publications with Brazil, and the respective
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percentage of collaboration of these countries with Brazil. The indices of collabora-
tion in joint publications of Brazilian scientists with the Latin American or from
BRICS countries are extremely low. Moreover, taking as an example the cooperation
of the Latin American countries with Brazil shown in Table 5, it can be seen that the
percentage of articles coming from this cooperation weighs much less on the total
of Brazilian publications than on each of the partner countries, indicating that the
rates of scientific cooperation among the countries of the region are very low when
compared to the levels of international cooperation shown by these countries, as
seen in Table 5. For Mexico’s production, for example, this figure represents only
3.1% of its total scientific output and 14.5% for Costa Rica. For the estimation of this
weight on Brazilian scientific production, the levels are even lower, varying from
0.1% (Panama and Costa Rica) to 1.7% with Argentina. A similar situation occurs
when one compares the collaboration between scientists from BRICS countries and
Brazil. That is, collaboration in the research projects of these countries, components
of these two important trade blocs with Brazil, is practically nonexistent, suggest-
ing that scientific and technological cooperation does not assume any significance
in the context of these official partnerships. Nonetheless, such treaties emphasize
that cooperation must include not only economic aspects but also scientific part-
nerships. Conversely, it has been observed for Latin American countries (data not
shown) that intra-regional collaborations are much weaker than collaborations with
developed countries. A similar situation was identified by Finardi [11] and Finardi
and Buratti [12] for the BRICS case.

4. Brazilian situation in the analyzed context

In this article, special emphasis was given on the influence of international
cooperation on the qualitative performance of scientific production. In the analysis
presented here, which identifies in the low international scientific collaboration
the unfavorable position of Brazil as concerned to the citations and impact of its
publications, whether in the world context or in its position among the countries of
the two economic blocs in which it participates, the MERCOSUL and BRICS. It is
important, however, to point out that other factors, not discussed in this article, can
influence the impact of scientific publications such as the size of the scientific com-
munity in each area of knowledge, the language, the maturity level of the areas in
each country (or even the global world maturity of the same areas), and the degree
of priority given by government agents to the technical and scientific development
of certain areas with a view to explore comparative advantages as well as focusing
the economic and social development of the countries.

As noted in an earlier study, the unbalanced and asymmetric international
collaboration introduces profound distortions in the qualitative data of scientific
production (citations, impact, world impact) of numerous countries and in the
world, thus interfering in the expectations of scientific, technological, social, and
economic development of the countries dependent on this type of international
cooperation [14]. In this sense, in a recent article, Silva [22] deals with the relation-
ship between productivity aspects and the quality of scientific production in the
countries. The author makes severe criticism regarding comparisons of the scien-
tific performance of Latin American countries. The author points out that it would
not be appropriate to congratulate to some countries based on a simple analysis of
these issues, since some countries have differentiated productivity in terms of their
research and development priorities, with a high degree of self-financing, whereas
the scientific production in other countries is highly dependent on the participa-
tion of international research groups and external financing. In our opinion, this

107



Scientometrics Recent Advances

observation is aligned with a high degree of international collaboration. It remains
to be seen whether in such situations there are the expected technical and socioeco-
nomic advances that this circumstance imposes on the dependent countries.

Concerning the specific case of Brazil, it is observed that the sharp growth
of scientific production (see Figure 1) occurred in a short period of about four
decades. This growth is clearly linked to the postgraduate programs since its instal-
lation in the late 1960s, resulting in the domestic training of thousands of teachers
and doctors as well as research groups in universities and other centers, throughout
the country. Although many researchers have enjoyed the possibility of partial or
full training abroad since the 1970s, international collaboration in comparison with
other countries has been less intensified and restricted to a few groups more ori-
ented toward this form of production of new knowledge. This resulted in the small
participation of Brazil in cooperative projects worldwide, a situation that affects,
above all, the citations and, consequently, the impact of Brazilian science.

Nonetheless, it is also noted that, in several areas, the result of this domestic
scientific development allowed Brazil to occupy a prominent position worldly wise.
Examples are the work in the fields of tropical medicine, dentistry, parasitology,
agriculture, energy, biofuels, and more recently, in the studies on Zika virus and
microcephaly. Also, as a result of the recognized qualification of human resources
through the postgraduate courses and the consolidation of research groups in
strategic areas, many technological sectors have had great development in recent
years. Examples are deep water oil exploration, tropical agriculture, pulp and paper
industry, aircraft production, offshore platforms, the metal-mechanic working
industry, alcohol and biofuels, and banking automation, among others. The results
of this development can be seen in the fact that Brazil occupies outstanding eco-
nomic position (ninth) [23] in the ranking of the countries with the highest GDP in
the world wise and the second (after the USA) highest per capita GDP (US $ 15,359)
among the most populous countries in the world.

Thus, the scientific and technological output of Brazil in several fields seems to
confirm that the presence of internal training in human resources and infrastruc-
ture for research and development, even in the absence of strong international
cooperation, can make it possible to attain significant scientific and socioeconomic
advances in a short period of time. On the other hand, quantitatively unbalanced
and technically asymmetric international cooperation, as is the case with about
70% of the countries analyzed recently [14], is certainly disastrous in enabling
these countries to reach adequate levels of development to confront their social and
economic challenges.

5. Conclusions

In this analysis, it can be observed that the impact of publications and, con-
sequently, the greater visibility of science are directly influenced by the index of
international collaboration between peers in the same area or related areas. This
was evidenced in relation to the most productive countries and in the comparison
of Brazil with Latin American countries and with the component countries of the
BRICS group.

In the context of scientific production, international collaborations bring
mutual benefits to partner countries, and in a broader and wider sense, they
promote the social and economic prosperity of the groups involved. However, it
should be noted that there should be an expected balance in these partnerships.
As analyzed recently [14], the unbalanced and asymmetric scientific cooperation
that occurs between many countries with very low scientific production but with
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a high impact due to the participation in the publications of articles coming from
international cooperation with developed countries masks the importance of the
contribution of S&T to help these country’s development. This situation, above

all, eludes the prospects of obtaining technological, economic, and social advances
from the nations dependent on such cooperation, to face their own challenges such
as in food production, the provision of drinking water, food and health security,
energy supply, public safety, and environmental protection, all of which are typical
global problems requiring a scientific approach to their solutions and generation of
sustainable development perspectives.
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Chapter 6

Scientometrics as a Powerful Tool
in Integrating Isolated Medical
Specialties: A Case Study of the
Rediscovery of the Luigi Cornaro
Diet

Ligen Yu, Boxuan Yu and Bowei Yu

Abstract

Modern medicine is divided into different specialties. While well-trained experts
can serve the patients better, each medical specialty is isolated to itself. For example,
it is a norm for gastroenterology that fasting can lead to gastrointestinal tract (GIT)
mucosa atrophy, and make the patient prone to bacterial translocation and sepsis.
Yet, physiologists still think that fasting might be a feasible solution for obesity
and related illnesses, as it can trigger autophagy which has multiple physiological
functions benefiting the body. In this chapter, using the rediscovery of the Luigi
Cornaro diet as an example, we demonstrate that scientometrics methods can be a
powerful tool to integrate the isolated medical specialties. The Luigi Cornaro diet is
able to maintain the homeostasis of GIT mucosa while keeping a serum starvation
to fit for a rare physiological condition of fully developed sustained upregulated
autophagy (SUA) in the body. Although fully developed SUA is relatively rare, low-
grade upregulated autophagy (UA) is quite common, reflected by the prevalence
of obesity in population. UA is the main component of our self-healing capacity,
and the connector between infection and obesity. Such discovery of scientometrics
could be the next generation medical practice.

Keywords: Bibliometrics analysis, medical specialties, isolation, integration,
Luigi Cornaro diet, upregulated autophagy, sustained upregulated autophagy,
self-healing

1. Introduction

Just as the division of labor in every single field of activity is an emblematic
feature of modern society, medical specialization is now a self-evident necessity
in medical science and medical practice [1]. Nowadays we are not expecting any
general practitioner to address life-threatening diseases of specific organs in the
body, as highly specialized medical specialists are more professional and produc-
tive, as they make better diagnoses, fewer mistakes than general internists and
general practitioners do [2]. Medical science research follows the same trend,
and the importance of specialization in medical science should not be slighted.
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While Hippocrates (and basically every one after him) described disease as occur-
ring when there is an imbalance between the four ‘humors’ (phlegm, black bile,
yellow bile and blood) [3], today’s medical specialists know any of the human organ
and any disease in more detail than the physicians in the time of Hippocrates did.

Yet, the specialization of medical research creates a vast amount of medical
knowledge, which is also expanding exponentially in such a way that no medical
specialist can grasp this medical knowledge in all [4-10]. As a result, specialists are
more or less focused on their own specialties, and isolated from other specialties.
For example, it is a norm for gastroenterology that fasting can lead to gastroin-
testinal tract (GIT) mucosa atrophy, causing the patient to be prone to bacterial
translocation and sepsis [11-13]. Yet, physiologists still think that fasting might be
a feasible solution for obesity and related illness, as it can trigger autophagy which
has multiple physiological functions benefiting to the body [14, 15].

This problem might not be solved by the specialists themselves, simply because
it takes a lot of time for them to become specialists, and they may not have the time
to spare on other specialties. Here comes the scientometrics, we are not specialists
on any medical division, so we may not have detailed knowledge on any of the
medical divisions. Yet, we specialize in literature analysis. By analyzing the connec-
tions among the literatures from various specialties of medical researches, we may
break the isolation, find the close relations among them, and integrate them.

Here we give the rediscovery of Luigi Cornaro diet as a case study.

Luigi Cornaro (1464-1566) was a Venetian noble man. He lived freely when he
was young before 35 or 40. After a severe illness at the age around 40, he began to
reduce his diet under medical advice. At the age of 70-80, he restricted himself to a
daily allowance of 12 ounces of solid food and 14 ounces of new wine. Later in his life,
he found that he could support his life and strength with no more food than the yolk
of an egg with a few spoonful milk with bread in the 24 hours. He was so habituated
to this simple diet that when he was about 70 years of age the addition of 2 ounces a
day had proved fatal. His diet was so effective in keeping him in good health that his
strength and all his senses were kept in very good condition throughout his lifetime.
His book, The Art of Living Long [16], is one of the most successful diet books, which
is still in print over 460 years after it was first published in Padua in 1558. It was an
instant success, went through many editions, and was translated into many languages.

Despite the success of Luigi Cornaro’s own practice and his books, common
people find that his diet is very difficult to follow. This even happened at the time
of Luigi Cornaro. In his discourses [16], he had repeatedly mentioned that it was
extremely hard for ordinary people to follow his diet. For example, he said: “Now,

I am often at a loss to understand why men of fine parts and understanding, who
have attained middle age, do not, when they find themselves attacked by disorders
and sickness, betake themselves to a regular life, and that constantly.”; “One of

the younger of them said that I appeared to enjoy the special grace of being able to
relinquish, with ease, one kind of life, and embrace another, a thing which he knew
from theory to be feasible, but in practice to be difficult, for it had proved as hard
to him, as easy to me.”; “There are some sensualists, my Lord, who say that I have
thrown away my time and trouble, in writing a treatise upon temperance, and other
discourses on the same subject; alleging, that it is impossible to conform to it.”

In the nineteenth century, German philosopher Friedrich Nietzsche read Luigi
Cornaro’s book, tried the diet and commented that Luigi Cornaro was “mistaking
the consequence for the cause” [17]. Nietzsche said: “The worthy Italian saw in his
diet the cause of his long life: while the prerequisite of long life, an extraordinarily
slow metabolism, a small consumption, was the cause of his meagre diet. He was
not free to eat much or little as he chose, his frugality was not an act of ‘free will’: he
became ill when he ate more.”
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Although the Luigi Cornaro diet is very hard to follow by ordinary people, it is not
impossible. There are people who are actually following this diet without their self-
awareness. In our contemporary days, Prime Minister of Malaysia Tun Dr. Mahathir
bin Mohamad is an example. According to a report of The Strait Times [18], Dr.
Mabhathir has a slice of bread for breakfast, has whatever the cook at home prepares
for lunch, and has two spoonful of rice at night. This food amount may actually be
less than the 12 ounces of solid food a day of Luigi Cornaro. Dr. Mahathir’s diet may
explain why at his current age of 93, he is still vigorous, and all his senses are as good as
middle-aged persons, which is exactly the situation described by Luigi Cornaro [16].

Because of the practical importance of the Luigi Cornaro diet, we are interested
in the biological process behind the diet. This biological process should be able to
answer the following two questions:

1. How is the balance of energy and nutrition maintained in the body with such a
low food intake in this diet?

2.How can this biological process effectively defend against common diseases
like infection and the degeneration of body cells so that one’s strength and
senses are not as affected while one is aging?

In this chapter we will describe how we apply the Bibliometrics analysis method
to the publications on topics relating to the Luigi Cornaro diet, and find that a rare
physiological condition of fully developed sustained upregulated autophagy (SUA)
is the answer to the above two questions [19]. This finding also explains why the
Luigi Cornaro diet is not fit for ordinary people who can eat normally.

2. Literature survey on Luigi Cornaro diet and interpretation

Luigi Cornaro and his diet are mentioned in most of the dieting books.
Nevertheless, modern medicine has very scarce literature on Luigi Cornaro. When
we search “Luigi Cornaro” as keyword in Web of Science, only four papers can be
found. Three of them were published in 1901 in Lancet, and one paper published in
2018 by Journal of The History of Medicine and Allied Sciences. These papers are
not able to provide any useful medical explanations to the Luigi Cornaro diet.

In the discourses of Luigi Cornaro, he wrote [16]: “When men are taken ill
they discontinue, or nearly so, their food. ... by reducing themselves to a small
quantity, they recover from the jaws of death.” What Cornaro described here is
illness induced anorexia (IIA), and he employed IIA to justify his diet. So we turn to
publications on anorexia (loss of appetite as a physiological symptom), especially
search for publications on illness (infection, sickness) induced anorexia (ITA) as the
start of our analysis.

2.11llness induced anorexia (IIA) accompanying upregulated autophagy (UA)

Decreased food consumption (anorexia) is the most common sign of infection
and severe injury [20]. It is believed that ITA is an active host defense strategy for
pathogen elimination and enhancing healing of injury [21-23]. Unlike the starva-
tion-invoked regulatory mechanisms aim at conservation of protein mass in healthy
subjects, patients with illness induced anorexia have increased energy expenditure
and protein catabolism, associated with profound neuroendocrine alterations [23].

In Web of Science, we can find 53 papers on illness induced anorexia. Figure 1
shows the mapping of terms used in the titles and abstracts in these 53 papers using

117



Scientometrics Recent Advances

the VOSViewer Bibliometrics analysis software, which is developed by CWTS of
Leiden University. Two papers relating illness induced anorexia to upregulation of
autophagy catch our attention [24, 25], as highlighted in Figure 1.

Autophagy is the degradation of intracellular components in lysosomes to
remove altered or dysfunctional proteins and organelles [26, 27]. It is a highly regu-
lated process in eukaryotes to maintain homeostasis and manage stress responses.
It has multiple physiological functions including cellular quality control, energetic
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Figure 2.
Autophagy (xenophagy) is closely related to infection (pathogen) elimination.
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balance maintenance, and pathogen cleaning [28]. In normal physiological condi-
tions, a low level of basal or constitutive autophagy occurs to maintain cellular
homeostasis by controlling the turnover of damaged proteins and organelles [29]. In
pathological conditions (like infection or injury), autophagy as an adaptive cellular
mechanism will be upregulated to eliminate pathogens and recycle and reutilize
damaged macromolecules and organelles [26, 27]. During an infection, upregulated
autophagy has a specific role in the capture and degradation of intracellular bacteria
and viruses to reinstall health, a process termed as xenophagy [30-32].

In Web of Science, we can find more than 19,000 publications relating illness (infec-
tion, sickness, and disease) to autophagy, showing the close relation of autophagy to
infectious pathogen elimination. The term analysis of the top 700 highly cited papers of
these 19,000 papers is shown in Figure 2, with the keyword “xenophagy” highlighted.

Xenophagy as a catabolic process is able to recycle and reutilize the degraded
pathogen components for energy or protein synthesis, it provides the host with
plenty of energy and nutrients during the process. So our interpretation of IIA is
that, in order to avoid over-nutrition, our body intentionally induced anorexia (loss
of appetite) as a counter measure against upregulated autophagy.

2.2 Upregulated autophagy (UA) as the connector between infection and obesity

It has been noticed that infection can enhance one’s proneness to develop
obesity, and the term infectobesity was coined by Dr. Nikhil V. Dhurandhar in
2001 [33]. Yet the connection between infection and obesity is unclear. Given the
close relation of autophagy to infection elimination, we searched publications on
infection induced obesity together with autophagy, and 238 publications are found
in Web of Science. Figure 3 shows the terms used in titles and abstracts of these
publications, and autophagy is an obvious connector for infection and obesity.

Based on Figure 3, we suspect that, chronic low-grade inflammation triggered
low-grade upregulated autophagy (UA), yet the inflammation degree is so low that
the inflammation is not accompanied by fever and illness-induced anorexia. This
low-grade upregulated autophagy provides certain amount of recycled energy and
nutrients to the body of the host. Over nutrition and excessive energy will occur
if one still eats normally. These energy and nutrients accumulate inside the body
over the years, and lead to obesity. Therefore, obesity is a good indicator of low
grade UA. As the degree of obesity is related to the degree of UA, and UA is gener-
ally protective, it should not be alerted if a person is slightly overweight or obese
without accompanying with metabolic diseases like high blood pressure, diabetes,
cardiovascular disease. Also, as the degree of UA grows with aging, older people can
generally be healthier than young people, if old people can lower their food intake
according to the degree of their UA when they are growing older.

2.3 Sustained upregulated autophagy (SUA) and the Luigi Cornaro diet

The biological process of triggering upregulated autophagy with or without the
accompanying illness induce anorexia by infection/inflammation cannot explain
the Luigi Cornaro diet, as Luigi Cornaro never fell ill after he adopted his simple
diet. So we take a step further to hypothesize that Luigi Cornaro had a rare condi-
tion of fully developed sustained upregulated autophagy (SUA) without anorexia
(loss of appetite) [19]. And we have provided the possible cause and the feature
of SUA in our paper [19]. As SUA is able to provide plenty of recycled energy and
nutrients to the body from each cell in the body, regular restrictive eating is now
compulsory. The small amount of food is mainly used to maintain the homeostasis
of the GIT mucosa [19]. Thus, we answer the question set out by Dr. Ernest Van
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Someren in 1901 [34]: “Did he (Luigi Cornaro) make use of a physiological process
unknown to us, of the value of which he was not cognisant?” This also explain why
the Luigi Cornaro diet cannot be adopted by ordinary people.
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Figure 3.

The close relations among infection, autophagy and obesity.
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Research areas of publications used to interpret Luigi Cornaro diet.
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2.4 The interpretation of Luigi Cornaro diet requires knowledge from multiple
medical disciplines

In the Bibliometrics analysis on Luigi Cornaro diet above, we have searched
publications in different research areas of medical science, as shown in Figure 4.
The extensive research on autophagy in the last 60 years helps us in understand-
ing the biological process behind the simple Luigi Cornaro diet of Eat-but-Little.
Autophagy itself is a multidisciplinary research topic. And the understanding
of Luigi Cornaro diet also requires knowledge from gastroenterology, infectious
diseases, food science and technology, psychology and so on.

3. The possible therapeutic application of the Luigi Cornaro diet
3.1 Research on the self-healing capacity of human being should be enhanced

The Luigi Cornaro diet clearly shows that our body has the self-healing capacity,
with UA/SUA as its main component. We searched the term “self-healing” in Web of
Science from 1990 to 2018, and 10,488 publications can be found. The Web of Science
subject category analysis shows that most of the top 25 subject categories are in mate-
rials science and computer science, as shown in Figure 5. Only one subject category,
dermatology, in the top 25 subject categories is related to medical science. Keyword
analysis was carried out for these publications using VOSViewer, and 27,337 keywords
are identified. Among these keywords, 2540 keywords have occurrences of five times
and above, as shown in Figure 6. Using the clustering of keywords in the VOSViewer
mapping in Figure 6, 11 topics are identified. Table 1 gives the representative key-
words in these 11 topics. It is very clear that, most of the keywords are on materials
science and artificial intelligence of computer science. Furthermore, topic analysis on
the keywords shows that the relative volume of self-healing research in medical sci-
ence is shrinking in the last 29 years, from around 40% of the total publication in 1990
on self-healing to less than 10% in 2018, as shown in Figure 7. This is quite unusual, as
“self-healing” is initially a medical term borrowed by materials science and computer
science. So we suggest that the medical community should pay more attention to this
self-healing capacity of the organs in our body, which can greatly lower the medical
burden of every country in the world, and make our society more healthy.
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Figures.
Top 25 Web of Science subject categories for publication on “self-healing” during 1990—2018.
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3.2 More caution should be placed on the use of total parenteral nutrition (TPN)

Parenteral nutrition (PN) is the administering of specialist nutritional products
to a person by way of a vein, bypassing the usual process of eating and digestion
(referred as enteral nutrition). Total parenteral nutrition (TPN) was introduced by
Dudrick et al. in clinical practice over 50 years ago [35]. The principal indication for
TPN is a seriously ill patient where enteral feeding is not possible.

For critically ill patients, there is an ongoing debate on whether providing
them with early enteral nutrition, or tolerating permissive underfeeding. Recently
ESICM clinical practice guidelines [36] and the Surviving Sepsis Campaign [37] all
suggest using early enteral nutrition (EEN), initiated at a low rate, in the majority
of critically ill patients, and suggest delaying EN only in some special cases like in
patients with uncontrolled shock, uncontrolled hypoxemia and acidosis, and other
sever complications. These suggestions agrees well with our finding about the Luigi
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publications on topic 7 to topic 11 of self-healing.

Cornaro diet, since low rate early nutrition supports and protects the proper func-
tion of GIT mucosa, while the serum starvation ensures the full function of UA in
the body, helping the patient in recovering from the illness by his own self-healing
capacity.

While Luigi Cornaro diet introduce small amount of food in the GIT and keep
a serum starvation to meet the requirement of SUA, TPN just does the opposite. It
introduces nutrition to the blood to interfere the proper functioning of UA, depriving
the body of a key cell survival mechanism. Furthermore, TPN starves the GIT, which
may result in GIT mucosa atrophy and dysfunction. Research shows that it is critical
to have small amount food in the GIT to maintain a full functioning GIT mucosa,
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Figure 8.
Keywords analysis for publications on TPN shows the close relation of TPN to bacterial translocation and sepsis.

preventing it from atrophy, avoiding its proneness for bacterial translocation and
sepsis [13]. Figure 8 shows the keywords mapping of publications on TPN, with the
term “sepsis” highlighted. We can clearly see the close relation of TPN to sepsis.

Based on the above discussion, we suggest that great caution should be placed
on the use of TPN in treating sickness. TPN should only be conducted for seriously
ill patients who are too emaciated to have proper running of SUA activity in their
body, and enteral feeding is truly not possible.

4. Summary

Specialization is an established part of the medical landscape nowadays, and
the importance of specialization in medical research and practice should not be
disdained. Yet, specialists are more or less focused on their own specialties, and
isolated from other specialties. Here we use the rediscovery of the Luigi Cornaro
diet as an example to show that, scientometrics can be a powerful tool in integrating
various isolated medical specialties. After its publication in 1558, the simple diet of
Luigi Cornaro, “Eat but Little,” puzzled people for over 460 years. By analyzing the
keywords in the titles and abstracts of publications on topics related to the Luigi
Cornaro diet, we find that the fully developed sustained upregulated autophagy
(SUA) without anorexia is a pre-requisite for the Luigi Cornaro diet. The fully
developed SUA performed a multifaceted role in helping Luigi Cornaro maintaining
the energy and nutrition balance; and effectively defending the common diseases
like infection and the degeneration of body cells. This was why he could keep health
until the end of his days, and his strength and senses were not affected while he
was aging. Considering the connections among infection, illness-induced anorexia,
upregulated autophagy (UA) and obesity, and sustained upregulated autophagy
(SUA) and the Luigi Cornaro diet uncovered by scientometric analysis coupled with
along history of anecdotal evidence, a carefully designed study should be under-
taken to confirm the causal link and define the conditions under which a Cornaro
diet should be medically advised.
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5. Disclaimer

This chapter is based on the authors’ limited personal experience and literature
Surveys. The authors are not medical doctors and do not want to make medical
recommendations. Instead, this chapter should be regarded as a thought-provoking
impulse for future research. Neither the authors, the publisher, nor any other party
who has been involved in the preparation or publication of this chapter guarantees
that the information contained herein is in every respect accurate or complete.
Therefore, this chapter is intended as reference only, and does not serve as a medi-
cal advice. The information in this publication is only to help you make informed
decisions about your health. It is not intended as a substitute for any treatment that
may have been prescribed by your doctor, who is familiar with your specific needs. If
you suspect that you have a medical problem, we urge you to seek competent medical
care.
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